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Abstract

Great efforts have been devoted in the past many years to synthesizing clinically important
novel heterocyclic compounds using transition metal-mediated reactions. Further, transition
metal-catalyzed cascade or tandem reactions for the synthesis of crucial heterocyclic scaffolds
have attracted a lot of attention in the last few years. These reactions can form multiple bonds
in one pot without changing the reaction conditions and overall reduce the reaction steps and
requirement of intermediate purifications. The reduction of reaction steps leads to saving
reagents, energy and eliminates waste generation which makes the cascade reactions eco-
friendly as well as highly economical. In this context, several transition metal catalysts like Rh,
Pd, Cu, Ru, Ir, Fe, etc. have been employed to perform these kinds of reactions. In this view,
carbenes or their precursors like diazo, hydrazones, etc. played an important role in making
them more advantageous. On the other hand, computational chemistry is playing an important
role and growing its roots in various fields of chemistry day by day. Particularly, in organic
synthesis, DFT studies are widely used for mechanistic investigation and treated as an
important tool for novel synthesis route detection. In the first chapter of this thesis, we are
highlighting some appreciable efforts made in recent years towards the synthesis of highly
important novel heterocyclic moieties by using palladium catalyzed cascade reactions
including carbene transfer, isocyanide insertion, C-H activation, and cyclization as the vital
steps. Also, mechanistic investigation via various experimental and computational studies,
further transformation and applications, etc. are covered in these reports.

In the second chapter, we have described a divergent and selective synthesis of (E)-3-alkylidene
oxindole, which is a highly valuable framework due to its presence in the biologically important
molecules, via palladium-catalyzed multicomponent reaction of 3-diazo oxindole, isocyanide,
and aniline has been developed. Further, the feasibility of the reaction was demonstrated by
employing differently substituted 3-diazo oxindoles, isocyanides, and anilines as starting
material and obtaining the corresponding products in 31-83% isolated yields. Besides, a
plausible mechanism has been presented and further investigated using DFT calculations which
suggest the formation of the Pd-carbene complex and ketenimine intermediate as the key step

during the catalytic cycle.

In the third chapter of this thesis, we have reported a Pd-catalyzed multicomponent cascade
reaction of 3-diazo oxindole and isocyanides to synthesize N-fused polycyclic indoles
consisting of in-situ generated amide-assisted regioselective [3+1+1] annulation reaction
provided yields up to 76% vyield. Further, a good range of substrate libraries was also

synthesized to check the feasibility of the protocol. The reaction includes carbene insertion

viii



Abstract

methodology for amide formation which subsequently assists the reaction for further double
isocyanide insertion. Additionally, a mechanism is proposed and investigated using the DFT
study that strongly favors the role of amide in assisting the annulation reaction, which was

further confirmed using control experiments.

In the fourth chapter, we have synthesized (Z)-N-(tert-butyl)-2-o0x0-3-(2-phenylhydrazono)
indoline-1-carboxamide derivatives by using palladium-catalyzed isocyanide insertion
methodology towards less reactive secondary N-H bond present in isatin phenyl hydrazone
where phenyl hydrazone group act as a strong donating group enhancing the electron density
at nitrogen atom to increase its nucleophilicity. These N-Carboxamide scaffolds can be used as
valuable precursors for the synthesis of various biologically active moieties. A broad range of
substrates have been synthesized in moderate to good yields by using different electron-
withdrawing, electron-donating, and halogen substituents at isatin as well as hydrazone ring.

Also, different isocyanides were incorporated to check the feasibility of the reaction.

In the fifth chapter, we have developed a Pd-catalyzed one-pot cascade consisting of C-C/C-
O/N-N bond formation to access clinically important fused 1,2,3-triazole using N-aryl-a-(tosyl
hydrazone)acetamides with isocyanide. Besides, various substitutions on the N-aryl part of
acetamides along with different isocyanides show good compatibility in this protocol. Next,
two plausible mechanistic routes were proposed, however, one of the routes was more favorable
and involved the formation of the benzoxazine ring first followed by the realization of a triazole
ring. Additionally, the more favorable mechanistic route was investigated using DFT studies
which suggests Pd(I)-isocyanide complex and a-diazoimino intermediate formation were key

steps in the catalytic cycle.
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Introduction & Literature Review

1.1 Introduction

The transition metal complexes have been considered as an imperative class of catalysts in the
last decades due to their tremendous properties i.e., ability to adopt multiple oxidation states,
having empty d-orbitals that can easily enable to accept or donate electrons from other
molecules, showing the variability of co-ordination number and a high tolerance for various
ligands.'~® Further, the homogeneous and heterogeneous nature of these catalysts provides an
easy and fast approach towards the development of various novel organic molecules that
possess various applications in several areas such as medicinal, environmental, energy storage,
plastics, etc.*® Particularly, transition metals are being used for catalyzing various types of
reactions like coupling reactions, hydrogenation, alkylation, cyclopropanation,
hydrogenolysis, annulation reactions, C-X activation, C-H activation, insertion reaction,
cyclization, metathesis, carbene insertion reactions, etc (Figure 1.1).61% Despite their long
history in synthetic organic chemistry, the discovery of novel transition metal-catalyzed

approaches is still an active and widely recognized area in the present era of research.'>*2

Suzuki Coupling
Hiyama Coupling
Sonogashira Coupling
Stille Coupling
Oxidation Reaction etc.

Friedel-Crafts
Reaction
Cyclopropanation
Reaction

Coupling reagent
Decarboxylation etc.
CO - oxidation

Pt Pd

Cu

Transition Metqa

Hydrogenolyses
Hydrogenations

Oxidation Reactions

Cyclization Reactions Kumuda Coupling
Redox Reaction Reducing agent
Hydrogenation Grubbs catalyst etc.

C-H activation
Cycloaddition Reaction
Wilkinson's catalyst
Pauson-Khand Reactio

Figure 1.1: Traditional applications of transition metal catalysts

In this context, palladium-based catalysts are one of the most versatile catalysts used in organic
synthetic chemistry from many past decades.”!*!* Other than some traditional approaches, a
wide range of reactions such as; coupling reactions, multicomponent reactions, cyclization, and
cascade reactions have been catalyzed by using palladium as a catalyst.!! Further, Pd-based

catalysts are majorly used for the tandem process in which more than one bond formation
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occurs.'® Due to its unachievable properties, palladium-catalyzed cross-coupling approaches
between organic electrophilic species and organa-metal-based reagents to construct C-C/ C-N/
C-O bonds have emerged as a tremendously powerful tool for the development of novel
molecules.'® !

Nowadays, cascade or tandem reactions play an important role in synthetic chemistry having
lots of applications in various fields of mankind.®!*° The major advantages of these reactions
are their sustainability or ability to perform multiple steps in one single pot without purifying
different intermediatory products and the formation of two or more bond formations in a single
step under the same reaction conditions (Figure 1.2).2> Nevertheless, there are some
limitations too, i.e., compatibility of different substrates under the same reaction conditions,
stability of intermediates, functional group tolerance, formation of side products, etc. So, some
prior necessities for designing a cascade approach should be taken into consideration to avoid
these limitations.?** Yet, due to their massive advantageous properties, simplicity of protocols,
energy and consumable saving ability, and space and time saving as compared to traditional
step-by-step approaches this tandem process is more famed.*> Many efforts are devoted to the

development of such synthetic procedures.

/ Multistep approach Cascade approach \

Reaction 1 cgle(;llct:(l;;lnl ? |\_\Pur1ﬁcanon 1 Product 1 1

Reaction {,\ﬁ %)

Reaction y ¢

Reaction

5
3

Reaction Purificati
\\ Reaction 3 condition on Product /
3

Figure 1.2: Cascade approach versus multistep approach

On the other hand, carbenes are an exceptional class of intermediate having diverse properties
and unique structures having two unpaired electrons, formed in situ by various precursors like
diazo compounds, N-tosyl hydrazones, N-sulphonyl-1,2,3-triazoles, etc. under various reaction
conditions involving different transition metal catalysts.>* Carbenes are generally classified
26,27

as singlet and triplet carbene according to their tendency as donor or acceptor species.

Although, carbenes can undergo a variety of reactions i.e., rearrangement, dimerization,
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insertion, etc. (Figure 1.3). However, carbene insertion reactions are widely applicable for
synthesis in various fields.?’%° In this view, transition metals are generally treated as supporting
partners for these reactive unstable species which makes them more versatile and reactive
towards various reactions. They have lots of applications in organic synthetic chemistry due to
their ability to insert into various C-X, C-H, N-H, O-H, Si-Si, C-O, etc. bonds and form
selectively desired bonds.?*? After evidencing its massive role in organic synthesis, carbene-
based methodologies are widely used in pharmaceutical industries for the development of
precious active pharmaceutical agents (APIs), and late-stage modification of various

advantageous drugs.!?2%33-3

* Coupling reactions C
C-X * Rearrangement reactions )<X
1

* Cyclization reactions
X=Br1 Cl 2
R
Rl/kRz
L~Z zZ
. * Dimerization reaction 7
Z=C,Si,B, P - SelectiveC-H, N-H, C-C, O-H,
\\ N-H, etc. insertion reactions R! R?

Figure 1.3: A few applications of carbene insertion reaction

In the last few decades, computational chemistry has played an important role in catalysis
research and succeeded in establishing its place in the catalysis toolbox right after common
laboratory techniques such as NMR, IR, XRD, etc.>**” Computational modeling and molecular
simulations are continuously playing a substantial role in understanding mechanistic
phenomena stirred in the reaction vessel and providing noteworthy information about the
structural framework, spectroscopic characterization, stability, and comparability of substrates,
mechanistic routes, etc. Theoretical chemistry also plays an important role in guiding the
development of new and innovative catalytic directions.***° Quantum chemical methodologies,
such as semi-empirical methods, ab initio methods, Hartree folk (HF), and density functional
theory (DFT), etc. are well-suited methodologies for understanding chemical kinetics,
reactivity, and interpreting complex reaction paths. Out of these, DFT is widely used for the

following purposes by many experimental chemists besides theoretical chemists (Figure 1.4).
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Spectral analysis Chemical reactivity

Figure 1.4: Schematic representation of applications of Density Functional Theory (DFT)

Various reports on DFT have been carried out in recent years which extends the role of
mechanistic study in metal-catalyzed reactions.’**° Especially, it expands its applications for
transition metal-catalyzed carbene insertion reactions. In this view, a combination of
experimental results and theoretical study has become a more interesting technique for organic
chemists to implement novel ideas.* Also, convenient programs and software to perform these
computational studies, which can be achievable in the absence of advanced programming skills
make them more efficient.?”*!

1.2 Literature Survey

Sun et al. described a tandem approach via palladium-catalyzed intramolecular Heck-type
coupling reaction of alkene-tethered carbamoyl chlorides with N-tosyl hydrazones to give 3-
vinyl oxindoles (Scheme 1.1a).*> A broad substrate scope for checking the generality of the
reaction was also investigated with an electron-rich and deficient substituents on both the

substrates i.e. carbamoyl chloride as well as tosyl hydrazone, which showed good functional

group tolerance and provided 33-99% yields (Scheme 1.1b). The mechanistic studies revealed
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that the reaction was initiated via an oxidative addition followed by alkene intramolecular
insertion through 5-exo cyclization forming alkyl palladium. Further, the treatment of N-tosyl
hydrazone with base generated diazo compound and the decomposition of diazo compound by
Pd(II) species generated a palladium carbene intermediate followed by alkyl migratory
insertion and finally syn B-hydride elimination process afforded the 3-vinyl oxindoles. To
further demonstrate the practical utility of this process, two synthetic transformations were
studied, where a hydrogenation reaction of N-protected 3-vinyloxindole proceeded to give 79%
yield, and its deprotection by AIBN/NBS reagent afforded N-unprotected 3-vinyloxindoles in
82% yield (Scheme 1.1c¢).

.NHTs Pd(OAc), (10 mol%) Ph \ o
/él + )le ligand (20 mol%) @fQOf
H Ph LiOtBu (3equiv.) N
TTI 0 solvent, 90 °C i?;n
1 Bn N n

b Selected examples 28 examples up to 99% yield

Ph \ o Ph \ o By Ph \ o MeO Ph \ o
o (¢} 0o (¢}
N N N N
Bn Bn

95% 81% 80% 55%

Ph
Ph Ph Ph Cl \ Ph

Ph MeO Ph o
N
B
n

72% 88% 99% 89%

Ph A\ Ph Phi A\ cl
Bn Bn !

66%

82% 78%
Ph
\ O NO, Phy A\ O CF, Ph
(L= (L=
N N
Bn )

C Further transformations
Ph Ph
Pd/C
L AIBN,NBS __HCOONH, Y
“Phcl, 130C MeOH, 80°C N

82% Yield 79% Yield

Scheme 1.1: Synthesis of 3- vinyl oxindoles via Pd- catalyzed cascade reaction
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Fernandez’s Group reported an intramolecular C-H functionalization of diazoester using
transition metal-based catalysts for the synthesis of tetrahydroquinolines derivatives (Scheme
1.2).# Both the palladium and Grubbs catalysts showed effective results for this
transformation, but the first-generation Grubbs catalyst was more effective in this process,
although it did not always provide the maximum conversions/selectivity. The reaction was
feasible with a broad substrate scope and was not only limited to N-isopropyl groups, but also
the reaction occurred with substituted anilines having the secondary alkyl,N-tert-butyl,N-

phenylanilines groups.

Further, the DFT studies were performed to get mechanistic insights which revealed that
the nature of transition metal decides the process of sp? -Ca-H functionalization.
Consequently, the reaction catalyzed by Pd(0)-catalyst comprises a Pd-mediated 1,6-H

migration, followed by reductive elimination.

CO,Me

N
X COMe [TM cat.]
_ > X
N
|
R

29 examples up to 97% yield

Selected examples
CO,Me CO,Me
@ﬁl\) N N : N
P (A: 67%)
Ph™ R CO,Me (B: 80%)

R'= Ph-, (A)85%
(B)75% 2/3 (A: 68%, 1.5:1)
. 0, .
R'= Me-, (A)87%, dr: 1:1 (B:73%, 5.2:1)
(B)92%, dr: 2:1

o A—Z

R="Bu, (A: 44%)

CO,Me S
2 (B: 85%) 5"'}353?}'& )N} (2.5 mol%) i
3 es D moltr) in
— Ph_ (A- R0Q0,
R= Ph- (A: 89f]) CHCI; at reflux for 24h
N (B: 80%) B: Ru-1 (3 mol%) in CH,Cl, at
— . 0,
R R=Ts- (A: 0%) reflux for 24h
(B: 0%)

Scheme 1.2: Synthesis of tetrahydroquinolines derivatives via intramolecular C-H functionalization

Zhu’s group described a valuable strategy for the synthesis of biologically active medium size
lactones by site selective C-H bond functionalization via Pd-catalyzed carbene insertion
reaction(Scheme 1.3a).** N-tosyl hydrazone was used as carbene precursor to react with 2-
bromo benzaldehyde in presence of base and a palladium-based catalyst resulted the formation
of seven membered lactones. Further, the DFT calculations shed light into mechanism followed

by the reactions which revels the Pd-carbene migratory insertion step was found critical, as it
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beared the palladium(Il) intermediate having a fitted geometry which can experience 1,4-
palladium shift. Also, de-diazonation was found as the rate-determining step for the formation
of metal carbene species. This methodology was found to be efficient forlate stage
functionalization of complex molecules, like in drug discovery (Scheme 1.3b). Next, o-
Hydroxy -N- tosylhydrazones derived from bio- relevant compounds i.e. paracetamol, methyl
paraben, carvacrol, thymol, estrone, eugenol etc. were also found competent diazo precursors

which resulted the formation of various potentially bioactive lactones compounds.

s N
a o Pd(OAc), 5 mol%
Il\]NHTS xantphos 7.5 mol%
" ~©\)LH e <©5 K,CO; 3 equiv. Q O
R2
Br OH  THE, 0.1 M, 80°C
9 10

37 examples up to 86% yield

b Selected examplev

67%

R=H, 76% R=Me, 73%
R=Me, 82% R=OMe, 79%
R=0OMe, 84% R=F 65:%
R=F, 80% R=CL, 65%
q R=CL 6% \ \
R =Me,82%
R =Me, 74% R=F, 60% R=0Me, 53% R=OMe, 58%
R=F, 58% R=Cl, 62% R=F, 86% R=F, 64%
R=Cl, 64% R=Cl, 77% R=Cl, 59%
R=Br, 82%
0, o)
&j. .i? oy
NHAc
449% 529 50% N
from Paracetamol from carvacrol from thymol
\ J

Scheme 1.3: Synthesis of 7-memebered lactones derivatives via palladium catalyzed reaction

Shun-Jun Ji and co-workers reported a simple and efficient tandem approach towards the
synthesis of biologically relevant isoindolinone moiety via palladium-catalyzed isocyanide
insertion into o-bromobenzaldehyde in high yield up to 98% and 78% for ketenimines and
lactams based isoindolinone derivatives respectively (Scheme 1.4a & 1.4¢).* The reaction was
found suitable for various substituents at o-bromobenzaldehyde as well as isocyanides. Further,

good to excellent yield was observed for electron-withdrawing and electron-donating
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substituents at the meta-position of o- bromobenzaldehyde, while lower yield was observed
when electron-donating substituents were employed at the para-position of o-
bromobenzaldehyde as compared to electron-deficient and halogen substituents. Interestingly,
this methodology was successfully applied for late-stage modification of some bioactive
molecules such as methyl paraben and estrone. Also, this reaction methodology was
successfully applied for gram-scale synthesis of model product in 80% yield. Based on some
control experiments, a reaction mechanism was proposed that supports the concerted

metalation-deprotonation (CMD) mechanism.

4 N\
(¢}
CHO Pd(OAc), (10 mol%)
R! +  RI-NC PPhy 20 mol%) .~ R! N-R2
X K3PO,4 (3equiv.)
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N
7
12 13 14 R?
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Selected examples 0 0
(0]
1=
. RI=H,920% (50%) y R = 5-Me, 45% O N <
N—é RI=OMe,91% R! =5-OMe, 26%
RI =F 91% \ R! = 5., 84% ¢
G Rl =Br, 91% N R'=7-Br, 50%
Q<N R! = CF;, 90% A< R!=7-Cl, 90%
R'=Ph, 67% R! =4-OMe, 75% 94%
0 0 0 0 0
0 >0 AN
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U~ (e
O N )
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(;\ C\\ (%\ N 5 Y °
N N N N R*=Ad, 94%
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R N RI=NC KOACc (1 equiv.), PPh; (20 mol%) - R! N-R2
X H20 (50 ml), 1,4-Dioxane
12 13 12h, 100 °C, Ar 15
L 15 examples up to 78% yield )

Scheme 1.4: Synthesis of ketenimines and lactams-based isoindolinone derivatives via Pd-catalysed isocyanide

insertion

An interesting multicomponent approach toward the synthesis of biologically relevant 5-
aminoimidazole scaffolds was reported by Pan et al (Scheme 1.5).% This Pd-catalyzed reaction
involves amidoximes, isocyanides, and amines as a substrates for the tandem formation of C-
C and C-N bonds to provide imidazole derivatives in moderate to good yields . After screening
various palladium-based catalysts like PdCl,, Pd(acac),, PdBr», Pd(dba),, Pd(PPhs)s,
Pd(OAc),, PACLx(PPhs); etc., they found Pd(OAc), along with PPh3 ligand in DMSO as a best
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catalyst to synthesized desired product within 6 h at elevated temperature. Further, various
electron-donating and withdrawing functional groups were examined to explore the feasibility
of the reaction and obtain corresponding products in good to excellent yield, which successfully
define the applicability of the reported protocol. A gram-scale reaction was also performed,

which appropriately justified the synthetic utility of the protocol.

R%N ,
OH Pd(OAc), (5 mol%) | R
N|/ SNE) . PPhy (10 mol%) N)YNH
| * Noo v s DMSO (0.5 mL) \
e 13 17 100 °C, 6h R

18
27 examples up to 91% yield

R =Cl, 87%
90%
R R = CF,, 84% 85% 90% o

/O\©\
N N N R

| | | /
NH

N N N N
R =Me, 89%
R = OMe, 91% QO S

N N N
R = Cy, trace
R =t-Bu, ND
71% 76% R = (CH;),CcH;, ND|

Scheme 1.5: Synthesis of biologically relevant 5-aminoimidazole scaffolds using Pd-catalyzed reaction

Next, Sharma et al. reported an efficient strategy for synthesis of 2,3- difunctionalized indole
derivatives via palladium-catalyzed isocyanide insertion and triple bond-activation
methodology (Scheme 1.6a).*” During reaction conditions optimization, palladium acetate as
a catalyst along with different ligands, bases, and additives was screened, however, they
couldn’t achieve more than 77% yield for the model reaction. Interestingly, the reaction
worked well with freshly prepared 2-(2-phenylethynyl) phenyl isocyanides using a continuous
flow process without direct exposure and odour. To check the synthetic feasibility of this
protocol, a range of substituents were tested on both substrates 2-(2-phenylethynyl) phenyl

isocyanide and N-(2-lodophenyl)-N-methyl acrylamide. This protocol was found feasible for
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electron-rich species over some electron-withdrawing substrates and provided moderate to

good yield (Scheme 1.6b).

a NC
X R2 Pd(OAc), (5 mol%)
RY Ad,P"Bu (10 mol%) -
\[/Y\Z A CsOAc (5 equiv.)

R O DMF, N,, 100 °C, 12h

= 4-OMe, 85%
R! = 4-"pentyl, 71%

C Enentioselective version of the reaction

NC
o! Pd(OAc), (5 mol%)
ji) N Chiral L (10 mol%)
\)\N X HOAG (2 cquiv.), Cs,C0; (3 cquiv)
3 c

Y

<

DMEF, N,, 100 °C, 12h

L1 L2 L3
36% yield, 33%ee 77% yield, 18%ee 43% yield, 73%ee

Scheme 1.6: Synthesis of 2,3- difunctionalized indole derivatives via palladium- catalysed isocyanide insertion

The optimized condition was also applied for enantioselective synthesis (Scheme 1.6¢).
However, this protocol provided enantioselective product only in 36-77% yield having low
enantiomeric access while using chiral ligand. A plausible catalytic cycle evidenced the

formation of palladium complex at C1- position of N-(2-lodophenyl)-N-methyl acrylamide

10
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which subsequently undergoes intramolecular carbopalladation, followed by isocyanide

insertion and intramolecular addition to triple bond afforded the desired product.

Gabriele’s group have demonstrated a novel stereoselective approach towards biologically
relevant o, B -unsaturated y-lactam derivatives via Pd-catalyzed multicomponent carbonylation
reaction (Scheme 1.7a).*® The reaction involves homopropargylic amines, alcohol, carbon
monoxide and oxygen in the presence of palladium iodide and KI at high temperatures for 2 to
5 h and furnished the desired product in moderate to good yield. Further, the reaction provides
good yields i.e. 85%, 82%, and 72% with methanol, ethanol, and isopropanol respectively,

however, it provided a lower yield i.e. 33% with butanol (Scheme 1.7b).
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Scheme 1.7: Stereoselective approach towards biologically relevant o,  -unsaturated y lactams derivatives via

Pd-catalyzed multicomponent reaction

Also, various substituents at amine as well as alkyl position of homopropargylic amines were
well tolerated and provided yield up to 82%. The reaction follows simple traditional N-H and

alkyne activation methodology to provide intermediate I which upon carbon monoxide

11
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insertion provides amide-Pd based intermediate II (Scheme 1.7¢). After that, syn insertion into
the alkyne bond takes place to provide 5-membered cyclic intermediate III, which further
undergoes CO insertion to provide intermediate IV, nucleophilic replacement by alcohol

provided corresponding product.

An interesting methodology towards the development of axially chiral 2-aryl and 2,3 -diaryl
quinazolinones  via  Pd-catalysed atroposelective  coupling-cyclization of  2-
isocyanobenzamides and 2-iodo-3-mthylbenzoate substrates reported by Zhu et al (Scheme 1.8
(Scheme 1.8a).*° This reaction provided a novel coupling strategy when sterically hindered
coupling partners were taken into consideration for providing atroposelective biaryl
derivatives. Before that, there was no report that described the C-aryl axial chirality of 2-aryl
quinazolinones. To get the maximum enantiomeric excess, various SPINOL-derive
phosphoramidite chiral ligands were tested. Out of five ligands, methyl and ethyl substituted
ligands showed the best enantioselectivity of 94% and provided a maximum yield of 93%
(Scheme 1.8b). It was observed that sterically hindered ligands were not found good for the

reaction and diminished the atroposelectivity as well as the yield of the product.

. To examine the feasibility of the reaction, various 2-isocyanobenzamides having electron-
rich, electron-deficient, and bulky substituents were tested and a negligible effect of
substituents was observed on yield and enantioselectivity of the reaction. However, a
significant effect on the yield of the product was observed while different substituents at 2-
10odo-3-methyl benzoate were installed. This methodology was successfully applied for the
synthesis of diastereoselective quinazolinone derivatives, and two desired derivatives were

formed in 70% and 21% yield having 93% and 89% ee (Scheme 1.8c¢).

12
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Scheme 1.8: Synthesis of axially chiral 2-aryl and 2,3 -diaryl quinazolinones via Pd-catalysed atroposelective

coupling-cyclization reaction

Liang and co-workers reported a joint experimental and computational study about Pd-
catalysed tandem strategy involving Narasaka-Heck coupling / C-H activation methodology to

synthesize highly strained spirocyclobutane-pyrrolines in moderate to good yield (Scheme

13
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1.9a &1.9b).*° Interestingly, domino Heck coupling of alkene-tethered C(sp?)-H bond was well
reported, but activation of C(sp®)-H was still challenging field which makes this strategy more
identifiable. Initially, the reported domino reaction was performed using Pd(OAc): as a catalyst
along with Cs2COj3 base and PCys.BF; ligand in 1, 4-Dioxane at 140 °C to afford the desired
product in 41% yield. After optimizing various reaction conditions, Pd(OAc). as a catalyst,

Cs2CO03 as a base, and PCy3.BF4 as a ligand remains the best choice for this reaction.

f N
a N FOCOCH;
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1 PCy;.HBF, (20 mol%) _
K R* R’ H Cs,CO; (2 equiv.)
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R =N(Me), 58%
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R = CF; 67% 65% 45% 62%
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O X TR TX AT
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g

Scheme 1.9: Synthesis of highly strained spirocyclobutane- pyrrolines

After that, a broad range of substrate scope was developed, reaction worked well with each
substrate independent of its electronic nature. However, substituent at o-position significantly
reduces yield and provides only 20% product. Also, the reaction provides comparatively lower
yields when aryl substituent was employed at alkenes (Scheme 1.9¢). Further, DFT study was
conducted to get deep overview about the reaction mechanism of reported Narasaka-Heck
coupling (Scheme 1.10). Initially, palladium metal interacts with the substrate (33) and get

inserted into N-O bond to form an intermediate (I). After coming into the promiscuity of the

14



Introduction & Literature Review

substrate, the intermediate (I) undergoes chelation and further cyclization to provide
intermediate (II) which undergoes a concerted metalation—demetallation (CMD) process

followed by reductive elimination to provide product (34).
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0 I
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Scheme 1.10: Proposed mechanism for Narasaka- Heck coupling / C-H activation

Recently, Yao et al. reported a sequential Ugi-azide coupling along with palladium-catalyzed
azide-isocyanide cross-coupling followed by cyclization without purifying intermediate
species for the synthesis of biologically valuable precursors 4-tetrazolyl-3,4-
dihydroquinazolines derivatives (Scheme 1.11a).>! This reaction strategy involves two
different isocyanide units for the Ugi reaction and Pd-coupling reaction. This multicomponent
reaction showed good functional group tolerance and provided a yield of up to 90%. However,
the reaction provided lower yields when strong electron-donating substituents were employed
at benzaldehyde. Similarly, the reaction was feasible with both aliphatic and aromatic amines,
but a lower yield was observed in the case of electron-donating amines (Scheme 1.11b). To

evaluate the biological potential of the synthesized moiety, the anticancer activity of the
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synthesized compound was tested with the least cytotoxicity. The Edu method detected its
activity via the proliferation of breast cancer cells treated with synthesized molecules. It also
shows comparable results for apoptosis of glioma cells. A gram-scale synthesis was also
performed to check the synthetic applicability of the reaction, which provides an 80% yield,

proving the synthetic role of the reported strategy.
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Scheme 1.11: Synthesis of biologically valuable precursors 4-tetrazolyl-3,4-dihydroquinazolines derivatives
Zhang and co-workers reported another palladium catalysed isocyanide insertion approach to
synthesize N-substituted benz[c,d]indol-2-imines and N-substituted amino -1-napthylamides
derivatives in absence and presence of water molecule respectively (Scheme 1.12a).%% After
optimizing various palladium based catalysts, such as Pd(OAc),, Pd(TFA),, Pd(PPh3),
Pd»(dba); etc., PA(TFA), was found superior than other catalysts. Also, DCE was found best
solvent among the solvents screened for this reaction. The reaction provided moderate to good
yield in case of both the substrates and found slightly dependent on electronic nature of the
substituents (Scheme 1.12b). This methodology was successfully applied for the synthesis of

antiproliferative agents i.e. N-substituted —(benzo[c,d]-indol 2 (/H)-ylidene)-4-nitroanilines in

16
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56% and 73% yield, respectively (Scheme 1.12¢). Further transformation towards synthesis of
BET bromodomain inhibitor was successfully achieved, which showed the synthetic

applicability of the protocol.
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Scheme 1.12: Synthesis of N-substituted benz[c,d]indol-2-imines and N-substituted amino -1-napthylamides

derivatives

A novel and diverse synthesis of polysubstituted fused tetracyclic heterocyclic scaffolds
reported by Wu’s group (Scheme 1.132a).> This methodology was dependent on the nature of
Pd-catalyst to provide two different types of products via mono or double-isocyanide insertion.
A wide range of substrates having electron-rich and electron-deficient substitutions was tested

for synthesizing both types of heterocycles (Scheme 1.13b). Also, different isocyanides unit
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were tested and observed that steric hindrance played an important role and as a result reaction

provided lower yields. To demonstrate the practical utility of the reaction, a gram-scale reaction

was performed, which provided 58% and 55% for corresponding poly heterocycles. Further,

DFT study was also performed to get an overview about the mechanistic route flowed by the

reaction. This study supported that sequential isocyanide insertion was considered as rate-

determining step for the following reaction. Next, further transformation was performed to

check the synthetic potential of the protocol and successfully synthesized various modified

products in moderate to good yields (Scheme 1.14).
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Scheme 1.14: Further transformations
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Guchhait et al. reported an intramolecular cascade cyclization/ isocyanide insertion strategy to
synthesize bicyclic indolylisoindolinones motifs involving indolyl migration, redox-neutral
process in presence of palladium acetate and P(o-tolyl)s ligand (Scheme 1.15a).* Interestingly,
for the first time, an alkyl isocyanide C-H act a hydride source for promoting rearrangement
occurred in the reaction. A good range of substrate scope showed good functional group
tolerance and found independent from electronic nature of the substituents (Scheme 1.15b).
Also, various isocyanides were compatible in this reaction. However, reaction didn’t work with
aromatic isocyanide substrates. Further modification via de-fert butylation of synthesized
heterocycle also provide moderate yields up to 47% (Scheme 1.15c¢). Also, reaction yield was

not so much affected when reaction was performed at gram-scale level.

Pd(OAc), (5 mol%)
R3  P(o-tolyl); (20 mol%)
/ Cs,CO5 (2 equiv.)
anhyd. DMF, 80 °C,

40% aq. HBF,
n-BuOH, uW
160 °C, 120 min

R2
O R'=R?=H, 47%

R'=5-OMe, R2=H, 41%
R'=H, R? = 5-OMe, 42%

- J

Scheme 1.15: Synthesis of bicyclic indolylisoindolinones
A novel proximal C-H activation strategy using isocyanide insertion was reported by Huang
and co-workers (Scheme 1.16).% The reaction provided three different types of products under
slightly different reaction conditions. Also, the role of the palladium catalyst along with
different ligands and additives directs the reaction route as a result reaction yielded different

products. Interestingly, when palladium acetate was employed as a catalyst with CsF as a base
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and PivOH as an additive, a mono isocyanide insertion took place and provided a 3-
unsubstituted isoindolinone derivative in moderate to good yield. Next, when
[Pd2(dba)s;]CHCI3 with PPhs as a ligand, cesium carbonate as a base and PivOH as a ligand
were used then a double isocyanide insertion product i.e. 3-cyano-substituted isoindolinone
derivatives were obtained in excellent yield. In the last, when only (4-CF3CsHs)3P ligand was

used, disubstituted isoindolinone derivatives were formed in good yield.

[Pd,(dba);]JCHCI; (2.5 mol%)
o Pd(OAc), (5 mol%) o PPh; (15 mol%)

CsF (3.0 equiv.) Cs,CO5 (2 equiv.)
R! N-R e PivOH (2.0 equiv.) ] H PivOH (2 equiv.) Rl
p 1,4- dioxane (0.1M), 120 °C R + R=NC 56A0(0.1M), 130 °C N=R

Br
32 examples upto 77% yield 56 13 58 CN
[Pd;(dba);]CHCl; (2.5 mol%) 23 examples upto 86% yield

(4-CF3C4Hg)3P (15 mol%)
Cs,CO; (2 equiv.)
PivOH (2 equiv.)

EtOAc (0.1M), 120 °C 0
R! N-R

R

s9 CN

20 examples upto 79% yield

Scheme 1.16: Synthesis of Isoindolinone derivative via C-H activation

f )
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2 0
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55% g0, Bu
61 60 62"
R CN

N—1B Ar CN
- 1) MeOH
(10.0 equiv), Cs,CO5 (2 equiv),

0,, McCN, 50 °C, 12h O
TFA 2) Pd,(dba); (5 mol%), Xantphos (12 rgol%) Et
85 °C Cs,CO; (1.5 equiv.), N
o / 1,4-Dioxane, 120 °C, 12h; 0
3) LiOH (3.0 equiv), THF/H,0, 12h indobufen HO
63
NH
. ¢ 0
Br
94% COOH Me
. N
Pd,(dba);, Xantphos, O
Cs,CO;3, 1,4-Dixane, 120 °C indoprofen HO
_ 64 y

Scheme 1.17: Further transformations
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Further transformation of 3-cyano substituted isoindolinone derivative by hydrogenation
reaction in presence of Pd/C and ring expansion in presence of NaOH was performed, which
provided 55% and 78% of the desired product. Also, 3-unsubstituted isoindolinone was further

modified to access biologically relevant indobufen and indoprofen molecules (Scheme 1.17).

Wang and co-workers recently extended isocyanide insertion methodology towards the
synthesis of biologically active naphthalen-2-amines in moderate to high yield via Pd-catalysed
tandem cyclization reaction of 2-(2-vinylarene) acetonitriles with fert-butyl isocyanide
(Scheme 1.18a).°° Interestingly, this methodology worked well with various electron-rich and
electron-poor groups containing 2-(2-vinylarene) acetonitriles along with differently
substituted isocyanides. Besides, the in vitro antitumor activity of synthesized derivatives was
tested against various tumor cell lines i.e., U87,4T1, HeLa, PC-3, HCT116, HepG-2, and A549.
Among them, compounds showed significant antitumor activity in comparison of 5-

fluorouracil (5-FU) and amonafide as positive control (Scheme 1.18b).

e a
a Rl
R! 3 Pd(TFA), 5mol%
AN R 2 )
e, K;POy, (3 equiv.) R
R2 + Y N 3 -4 >
(S 4 toluene, 100 °C, 8h NH
CN C |
cN R
65 13 66 25 examples up to 89% yield
b Selected examples l CF;
TR ; ;
CN P4 P
CN CN CN
89% 64% 55% 69%
HCT116: ICs5 = 3.620.7 1.9+0.4 2.9+0.4
HepG-2: 1C5, 1.940.4 3.240.5 0.840.1
A549: 1Cs, 2.840.5 1.240.4 2.24+0.4
PC-3:1C5 = 4.7+0.9 4.2+0.7 4.710.7
Hela: IC5, = 5.8+0.9 6.510.5 5.820.8
UBT: IC5p = 3.9+0.7 2.1+0.4 3.1+0.5
4TT: 1C s, 7.04£1.0 7.141.0 6.0+0.9
J

Scheme 1.18: Synthesis of naphthalen-2-amines derivative via isocyanide insertion
Next, Balalaie’s group reported an interesting ring-expanding approach to afford
polysubstituted pyrimidines heterocycles via palladium-catalyzed cascade consisting C-C and
C-N bond formation through ring opening of 2H-azirines and simultaneous insertion of

isocyanide species (Scheme 1.19).°” This methodology was applicable to successfully
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synthesize 20 derivatives in moderate to excellent yield by using substituted azirines having
different electron withdrawing and electron donating groups. However, they observed that the
electronic effect on azirines doesn’t provide any significant effect on the reaction outcome.
Moreover, various aliphatic isocyanides were found superior to this cyclization reaction, while,

aromatic isocyanides provide lower yields.

An interesting reaction mechanism was also proposed which goes through a four-membered
palladacyclic intermediate (A) formed by oxidative addition of palladium (0) species into the
azirine (67) bond (Scheme 1.20). After that, isocyanide insertion takes place into A to form
five membered intermediate (B), which simultaneously attached with another azirine (67)
species to form intermediate C. After subsequent reductive elimination of palladium catalyst,

a zwitterionic species named D formed which upon aqueous workup formed the desired

product (68).

( )

Pd(OAc), (5 mol%)

R?
1 e’ PPh; (10 mol%)
R + % Cs,CO; (2equiv)

DMTF, 90 °C, 8h
67 13
Selected Substrates T TTTTIIIIIIIIImIIIII eI
R Hr\>L
HN
\ | SN
| 2
P N
N O
SN
69% 54% 98%
(. J

Scheme 1.19: Synthesis of polysubstituted pyrimidines heterocycles via palladium-catalyzed reaction
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Scheme 1.20: Proposed mechanism

Bolm’s et al. developed a green and novel approach to synthesize 3-amino substituted

benzothiadiazine oxides in good to excellent yield via Pd-catalyzed tandem reaction of 2-azido

sulfoximines with isonitriles (Scheme 1.21a).°® Interestingly, the reaction was getting

completed in very short time in the presence of 0.25 mol% of Pd-catalyst at room temperature,

which makes this protocol more efficient and economical. However, the reaction was found

slightly selective towards 2-azido sulfoximines substrates. The reaction involved isocyanide

insertion into N-H and azide bond involving multiple intermediatory key steps. The

applicability of the derived product was explored by further transformations via removal of the

tert-butyl group to form amine-substituted derivatives which can be easily transformed through

various simple organic reactions (Scheme 1.21c¢).
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Scheme 1.21: Synthesis of 3-amino substituted benzothiadiazine oxides via palladium-catalyzed reaction

Further, a novel Pd-catalyzed coupling reaction between azide and isocyanides was reported
by Xiong’s group (Scheme 1.22a).>° The reaction involves Groebke-Blackburn-Bienayme
multicomponent reaction followed by azide-isocyanide coupling by using another substrate of
isocyanide to afforded imidazo [1,2-a] pyridine-fused 1,3-benzodiazepine heterocycles in
moderate to excellent yield. A number of substrates were screened having different electron-
donating and withdrawing substituents at amino pyridines and benzaldehydes along with
different isocyanides to prove the generality of the protocol (Scheme 1.22b). In addition,
synthesized derivatives were screened for their anticancer activities and the results showed
good activity of the compound (a) toward apoptosis of glioma cells which makes this
methodology more attractive for drug development and synthetic chemistry. Interestingly, the
gram-scale synthesis of compound (a) provided 78% yield which successfully defined the
applicability of the developed methodology (Scheme 1.22c¢).
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Scheme 1.22: Synthesis of Imidazo [1,2-a] pyridine-Fused 1,3-Benzodiazepine heterocycles

Ren et al. reported an imine directed triple isocyanide insertion approach to synthesize poly
substituted pyrroles derivative involving palladium catalysed aza- Nazarov cyclization reaction
of alkenyl bromide, isocyanides and amines (Scheme 1.23).° A broad range of substrate scope
was done by employing diverse substituted substrates and observed that the reaction underwent
smoothly with various electron donating and withdrawing substituent at alkenyl bromide and
provide good yields of corresponding products. However, reaction didn’t work when alkyl
group was taken in place of aromatics at alkenyl bromide. Similarly, a trace amount of product

formation was observed when aliphatic amines were employed in the reaction. Also, various
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aromatic and aliphatic rings containing isocyanides worked well for the proposed reaction and
provided good to moderate yield. A proposed reaction mechanism suggested the formation of
four-membered palladacyclic intermediate which enforced the reaction to proceed through
consecutive triple-isocyanide insertion via seven membered transition state which is further

supported via DFT studies and various control experiments.

4 A
CN o3
3 /
ol CHO Pd(OAc), (5 mol%) R\, —NH
+ R2=NH, + R3—NC Cs,CO;5 (1.5 equiv.) >
toluene, reflux, 6 h
Br Rl —N

\

78 79 13 2 .
____________________________________________________________________ 23 examples up to 81% yield |
Selected examples CN

CN t-Bu

-B §
5 / u t-Bu < N X\, —NH
-Bu ~N \ NH _
— R? = 4-CICgH,, 78% —x
—N  R*=4-CHyC(H,, 71% N, R?=2,5-(CH;),CeHs, 66%
‘2 R2=2,5-(CH3),CgHs, 67% R R2 = 4.0CH;CH,, 54%
R2 = 4-CF3C4Hy, 75% cl R? = 3-CH; 4-CIC¢H3, 75%
CN
ad
Ad~ N N\ —NH CN CN
— N7 NX)—NH NN, —NH
—x _ _
N 2 1
R R =N R! =N
Cl 2_ 0
R? = 2,5-(CH;),C¢H3, 62%
R? = 4-CH;C¢Hy, 73%
R? = 3,4-C1,C4H;, 80% 53% 1 65% cH,
\§ J

Scheme 1.23: Synthesis of poly-substituted pyrroles derivative via an imine-directed triple isocyanide insertion
1.3: Conclusion

Transition metal catalyzed cascade reactions are widely used method methodology for the
synthesis of various novel heterocyclic molecules in organic synthesis. Cascade or tandem
reactions are considered as sustainable approach due to their ability to perform multiple steps
in one single vessel which makes them more efficient than multistep approaches. We can reduce
the wastage of expensive solvents and reagents which required for the purification of
intermediate steps by using tandem approaches. That’s why, these reactions are time-saving
approach and provide the desired product in a highly selective manner. In recent years, various

novel approaches have been reported in this direction to synthesize highly applicable
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heterocyclic molecules. In summary, we have discussed here some recent advancements in the
palladium-catalyzed cascade approach applied for the synthesis of various novel heterocyclic
scaffolds. These reactions involve carbene insertion, isocyanide insertion, cyclization, etc as

key steps.
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Literature Gaps ¢l Research Objectives

Literature gaps:

After reviewed the literature in detail, following gaps are found in the present study. It has been

found that following areas have not been much explored till now:

a) One pot strategy leading to biologically important heterocyclic rings are highly interested
in synthetic organic chemistry due to a number of advantages over the step-wise protocols.
In this context, development of novel and resourceful methods for getting biologically
important heterocycles in one operation i.e., domino or tandem reactions are extremely
required.

b) Computational chemistry is well suited to the study of various organic reaction
mechanism. In this perspective, the mechanistic investigation using computational
methods may assist in the exploration of newly developed cascade reactions and also opens

the door to develop new organic transformations.
Objectives:
Based on the gaps found in this study, we are proposing the following objectives here:

1. Development of novel transition-metal catalyzed cascade reactions using diazo compounds

or their equivalents to synthesize biologically important heterocycles.

2. Mechanistic investigation of newly developed cascade reactions mentioned in objective 1
using computational methods.
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Chapter 2
2.1: Introduction

Oxindole is a valuable scaffold found in a number of natural products and clinically important
molecules.! Moreover, oxindole derivatives show a broad range of biological activities such as
anti-cancer, anti-fungal, anti-bacterial, anti-tubercular, anti-convulsant, anti-glycation,
antioxidant, anti-inflammatory, analgesic, anti-anxiety, anti-diabetic and anti-HIV, etc.??f
Besides, they have several other applications such as being used as corrosion inhibitors,
fluorescent sensors, and in the dye industry.??" In particular, 3-alkylidene oxindole is an
extremely crucial framework and has gained lots of attention in recent years due to its presence

in several drug molecules (Figure 2.1).3

4 2
MeS
NH N— N
[\ 0 NH /
F /N / 0
o © I\{OM
N e
N H
Sunitinib Indirubin Costinone A Wasalexin A
1\ J

Figure 2.1: Example of 3-alkylidene oxindole containing biologically active molecules

The most successful example of a 3-alkylidene oxindole-containing drug is sunitinib, which is
used as tyrosine kinase inhibitor and exhibits potent antiangiogenic and antitumor activities.*
Also, 3-alkylidene oxindole scaffolds is a part of various natural products such as costinone A
and wasalexin A those having anticancer and antifungal activities respectively (Figure 2.1).°
Previously, a number of approaches have been developed to synthesize 3-alkylidene oxindole
scaffold.® In this context, Li et al. reported a method to synthesized biologically valuable (E)-
oxindolylidene derivatives via Pd-catalyzed Heck reaction followed by alkoxycarbonylation of
N-substituted propiolamides with CO and alcohol (Scheme 2.1a).”® Further, Gnanaprakasam
and group members has synthesized (Z)-3-(aminobenzylidene/aminoalkylidene)indolin-2-ones
using 2-oxindole and alkyl/aryl nitrile in the presence of strong base i.e. LiOtBu and 2,2’-
bipyridine as a ligand (Scheme 2.1b).”™ An approach to synthesize unsymmetrically substituted
E-selective 3-allylideneoxindole using Pd- nanoparticles as a catalyst was reported by Sekar’s
group (Scheme 2.1¢).”°Next, Chen’s group developed a method to construct o-amidoacrylates
containing a 3-ylideneoxindole using 3-flourooxindoles and a-iminoacetates (Scheme 2.1d)7 .
Recently, Hanusek et al. developed a modular approach to construct (Z)-3-[amino
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(phenyl/methyl)methylidene]-1,3-dihydro-2H-indol-2-ones  using easily available 3-
bromooxindoles or (2-oxoindolin-3-yDtriflate and thioacetamides or thiobenzamides (Scheme
2.1e).”® Nevertheless, most of the previously reported methods have certain limitations like
narrow substrate scope and formation of the mixture of E/Z isomers, etc. To overcome the
previous limitations and keep in view the biological importance of 3-alkylidene oxindole
scaffold, a divergent and highly selective synthesis is extremely required, which is also very
important from the medicinal chemistry perspective.

On the other hand, multicomponent reactions (MCR) are perhaps the most convenient and
practical approach for the construction of biologically valuable frameworks.® Despite a lot of
development in the past decades, transition metals catalyzed multicomponent reactions are still
heavily investigated for synthesizing heterocycles.® Next, diazo compounds which are vital
precursors for the in-situ formation of metal carbenoids, have been vastly implemented in the
transition metal-catalyzed multicomponent reactions.'® In this context, Zhao and co-workers
reported rhodium catalyzed tandem methodology to synthesize trifluoromethyl substituted
isoquinoline, imidates, and amidines derivatives by using triflourodiazoethanes as carbene
precursor along with isocyanides and nucleophiles like alcohols, amines, etc.!'® Similarly, a
multicomponent approach was reported by Liu’s group to synthesize 1.3- bis(B-amino acrylate)
substituted 2-mercaptoimidazole scaffolds by using a-diazoacetates, isocyanides and 2-
mercaptoimidazoles '** Recently, Xia et al. reported the synthesis of amidines via cobalt
catalysed MCR consisting diazo ester, isocyanides and amines (Scheme 2.1f).}1¢ Besides,
palladium-catalyzed MCR’s consisting of the diazo compound, isocyanide along with amine
have been investigated to construct heterocyclic compounds.*? By drawing encouragement
from the attractive therapeutic applications of 3- alkylidene oxindole® and our previous work
on the metal-catalyzed reaction of diazo compounds,*® herein, we reported a multi-component
approach for the diverse synthesis of E-selective 3-alkylidene oxindole derivatives via Pd-

catalyzed reaction of 3-diazo oxindole, isocyanide and aniline (Scheme 2.19).
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2.2: Results and discussion
2.2.1: Optimization of the reaction conditions

We began our investigation by selecting 3-diazo-1-methyl oxindole (1a), fert-butyl isocyanide
(2a) and aniline (3a) as the model substrates for the multicomponent reaction and screened
PdCl,, Cu(OAc)2 and Rh2(OAc)s as a metal catalyst (Table 2.1, entries 1-3). Interestingly, the
model reaction furnished desired product (4a) in 64% yield when 10 mol% of PdCl, along with
1.5 equiv. of K»COs in 1,4-dioxane as a solvent was used (Table 2.1, entry 1). However, no
product formation was observed when Cu(OAc)>, and Rho(OAc)s were employed as a catalyst
in the model reaction (Table 2.1, entries 2 & 3). Next, to improve the yield of the model
reaction, various palladium salts such as Pd(OAc)., PdCl2(NCCsHs)2, PA(DPPF)Cl, Pd(dba)s,
and Pd(PPhs)s were screened (Table 2.1, entries 4-8). Unfortunately, there was no significant
improvement in the outcome of the reaction and only up to 75% isolated yield could be
achieved while using Pd(OAc); as a catalyst (Table 2.1, entries 4). Also, reaction did not
provide any desired product in the absence of PA(OAc), (Table 2.1, entry 9). Next, we screened
various bases like Cs2CO3, NaxCOs, KOz-Bu, NEt3, etc., in the presence of Pd(OAc); as a
catalyst and found that KCO3 was the best base for this reaction (Table 2.1, entries 10-13). It
was clearly evident that mild base provides a higher yield in comparison to a strong base like
KO7Bu which afforded only 24% isolated yield. However, when we tried the reaction in
absence of base it gave the product (4a) only in 26% isolated yield, which shows the importance
of K»COj3 in this multicomponent reaction (Table 2.1, entry 19). Noticeably, when we tried
solvents such as toluene, DMF, DMSO, and THF instead of 1,4-dioxane, no improvement in
the results was observed (Table 2.1, entries 14-17). Moreover, the yield of the reaction was
diminished when the amount of palladium salt reduced from 10 mol% to 5 mol% (Table 2.1,
entry 18). Finally, the substrate ratio was changed from 1:1.2:1 to 1:1:1 or1:1.5:1.5 for 3-diazo-
I-methyl oxindole (1a), fert-butyl isocyanide (2a) and aniline (3a) respectively, however, the
yield of the reaction did not improve. Also, it was noticed that increasing the temperature or

reaction time does not make any improvement in the outcome of the model reaction.
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Table 2.1: Optimization of the reaction conditions?

o. ﬁ)///Ce Catalyst, base;
N \\/ Solvent O
\ N
1a Me 2a 3a 4a I\\/Ie

entry catalyst base solvent yield® (%)
1 PdCl, K.CO3 1,4-dioxane 64

2 Cu(OAc), K2CO3 1,4-dioxane -

3 Rh(OAC). K2COs 1,4-dioxane -

4 Pd(OAc). K2CO3 1,4-dioxane 75

5 PdCI(NCCesHs). K2COs 1,4-dioxane 70

6 Pd(DPPF)CI, K2COs 1,4-dioxane 72

7 Pd(dba)s K2COs 1,4-dioxane 67

8 Pd(PPhs)4 K2COs 1,4-dioxane 54

9 - K2COs 1,4-dioxane -

10 Pd(OAC). Cs2CO3 1,4-dioxane 56

11 Pd(OAC), Na,CO3 1,4-dioxane 43

12 Pd(OAc). KOt-Bu 1,4-dioxane 24

13 Pd(OAC), NEts 1,4-dioxane 45

14 Pd(OAc). K2CO3 Toluene 48

15 Pd(OAC): K2COs DMF 63

16 Pd(OAC): K2COs DMSO 39

17 Pd(OAC): K2COs THF 30

18°¢ Pd(OAc). K2COs3 1,4-dioxane 51

199 Pd(OAC), - 1,4-dioxane 26

@Reaction conditions: 3-diazo-1-methyloxindole (1a) (1.0 equiv., 100 mg, 0.58 mmol), tert-butyl isocyanide (2a) (1.2 equiv.,
57.6 mg, 79 pL, 0.70 mmol), aniline (3a) (1.0 equiv., 54 mg, 53 pL, 0.58 mmol), Pd-catalyst=10 mol%, base (1.5 equiv.),
solvent = 2 mL, Pisolated yield, °Pd-catalyst = 5 mol%, 9no base, 12 h, 80 °C.
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2.2.2: Substrate Scope

After having optimal reaction conditions in hands (Table 2.1, entry 4), next, we tested the
substrate scope for the Pd-catalyzed multicomponent reaction. Initially, tert-butyl isocyanide
was replaced by 1,1,3,3-tetramethyl butyl isocyanide or cyclohexyl isocyanide, as a result, 80%
and 74% isolated yields were obtained for the corresponding products (4b-c, Scheme 2.2).
These results indicated that the outcome of the multicomponent reaction does not significantly
depend on the structural diversity of isocyanide. Further, different 3-diazo oxindoles bearing
either electron-withdrawing or electron-donating groups were tested. In this context, 3-diazo
oxindoles bearing electron-donating groups like -OMe at C-5 position afforded the
corresponding products in 78%, 75% and 68% isolated yields (4d-f, Scheme 2.2). Similarly,
3-diazo-1,5-dimethyl oxindoles afforded the products in good yields when employed with tert-
butyl isocyanide, 1,1,3,3-tetramethyl butyl isocyanide and cyclohexyl isocyanide, (49-i,
Scheme 2.2). Also, substitution at other position of 3-diazo oxindoles like 6-OMe worked well
and provided 73% yield of desired product (4j, Scheme 2.2). Although, 3-diazo oxindoles
bearing electron-withdrawing group like -NO> at C-5 position afforded the corresponding
products in the inferior yield than the electron-donating group (4k-m, Scheme 2.2). It might
be due to either the low solubility of NO2-containing 3-diazo oxindoles or lower stability in the
reaction conditions. Next, electron-withdrawing group such as 7-CF3 at 3-diazo oxindoles was
employed and obtained 54% yield of product (4n, Scheme 2.2) which was slightly higher than
yield obtained in the case of 5-NO- substitutions at 3-diazo oxindoles. We have also examined
the effect of halide substitution at 3-diazo oxindoles and obtained 51% vyield of product with
7-flouro substituted 3-diazo oxindoles and 76-83% isolated yields in the case of 5-Cl
substitution (40-r, Scheme 2.2). However, the reaction gave a lower yield when 5-Br
substitution was used (4s-u, Scheme 2.2), and it might be due to the formations of the side
products those could not purified and characterized. Next, we replaced the —CHz group at the
N-1 position of 3-diazo oxindoles with a phenyl group, which decreased the yield of the
reaction and was probably due to an increment in the steric hindrance at the N-1 position (4v,
Scheme 2.2). After checking the effect of substituents on 3-diazo oxindoles, we further
investigated the scope of substituted anilines (4w-4h', Scheme 2.2). In this context, we
obtained moderate to good yield when different halide-substituted anilines were employed in
the multicomponent reaction (4w-y, Scheme 2.2). However, when aniline containing a strong

electron-withdrawing group like -NO; at the para-position was employed, the reaction almost
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Scheme 2.2: The substrate scopes of Pd-catalyzed multicomponent reaction
diminished. (4z, Scheme 2.2). Next, we incorporate different electron-donating groups at o-

and p- positions of aniline. Pleasantly, we obtained the corresponding products (4a'-b") in good
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yields i.e. 72% and 79% respectively, when 4-CHs or 4-OMe groups were employed on the
aniline (Scheme 2.2). However, in case of 2-methyl aniline and 3-methyl aniline, the desired
products (4c' & 4d") were obtained in a slightly lower yield i.e., 66% and 61% respectively
(Scheme 2.2). Afterwards, we have checked the reactivity of 4-methoxy aniline and 4-fluoro
aniline in combination of 5-OMe and 5-CHs substituted 3-diazo oxindoles and interestingly we
obtained 81% and 69% isolated yield for (4e") & (4f") respectively. Besides, N-methyl aniline
was tested in the multicomponent reaction which provided the product in 58% isolated yield
(49, Scheme 2.2), and it might be due to an increment in the steric hindrance at the nitrogen
atom of aniline. We have also checked the effect of a hetero atom containing amino pyridine,
gratifyingly, the reaction work well and provided the product (4h") in 37 % isolated yield
(Scheme 2.2). We have also tried p-amino acetophenone as amine substituent, unfortunately
reaction didn’t work with such electron withdrawing group (4i’, Scheme 2.2). Next, we have
examined the reaction with aliphatic amines like vinyl amine and ethyl amine, unfortunately
reaction didn’t work with aliphatic amines (4j'&4k’, Scheme 2.2).

2.2.3: Plausible mechanism and DFT calculations

On the basis of literature precedence, a plausible catalytic cycle for the Pd(ll)-catalyzed
multicomponent reaction is proposed and investigated using DFT calculations.!* The possible
schematic mechanism and the corresponding computational potential energy surface have been
presented in figure 2.2 and figure 2.3, respectively.

Initially, the Pd(11)-isocyanide complex (1) which is chosen as starting point, coupled with 3-
diazo-1-methyl oxindole (1a) substrate to form a square planer complex (11) (Figure 2.2). After
that subsequent dissociation of N2 from Il produces a Pd-carbene complex (111) via TS-1 with
the energy of activation AG*= 7.43 kcal/mol (Figures 2.2 & 2.3). Next, migratory insertion of
isocyanide into the Pd-carbene complex takes place through a three-membered ring transition
state (TS2) which possesses AG*= 25.49 kcal/mol energy with respect to complex (1) and forms
intermediate (V). Then, intermediate (1) immediately releases the catalyst i.e. Pd(OAc)2, and
forms an unstable ketenimine intermediate (V) (Figure 2.2). This process is followed via TS3
with 11.8 kcal/mol energy of activation (Figure 2.3). Next, nucleophilic attack by aniline (3a)
to the central electrophilic carbon of ketenimine intermediate (V), followed by concerted
proton transfer from aniline to the nitrogen of isocyanide unit takes place to form the final
product (4a) via TS4 (route 1, Figure 2.3) which exists at 31.12 kcal/mole higher than
intermediate (V).
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Besides, in the presence of base (route 2, Figure 2.3), nucleophilic attack by aniline (3a) to the
central electrophilic carbon of ketenimine intermediate (V) followed by concerted proton
transfer from aniline to the nitrogen of isocyanide unit is facilitated by K>.COs and hence
become more favorable since it exists at only 11.19 kcal/mole higher than intermediate (V) to
form the final product (4a) via TS4°. This phenomenon suggests that the presence of base is
enhancing the rate of the reaction which was also validated by experimental results (Table 2.1,
entry 19). Also, it was observed that Pd(Il) preserved its oxidation state during the whole
catalytic process.

2.2.4: Application of the methodology

To show further application of our methodology, we set-up different experiments as depicted

in scheme (2.3a-c)
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o . (I?//,C K,CO; (1.5 equiv.) o
N \\/ H,O (1 equiv.) N
Me 1,4 Dioxane, 80 °C, 12 h Me
(1a) @a) (7a, 64% yield)

@Reaction conditions: (3a) (E)-3-((tert-butylamino)(phenylamino)methylene)-5-chloro-1-methylindolin-2-one (4m) (1
equiv.), CHsSOsH (10% in solvent), DCM (3 mL), 3 h, 60 °C, 3-(amino(phenyl)methylene)-1-methylindolin-2-one (5a) (1.0
equiv.), bromo acetyl bromide (1.5 equiv.), triethylamine (1.2 equiv.), dichloromethane (2 ml), 3h, 0 °C. (3b) (E)-3-
(amino(phenylamino)methylene)-5-chloro-1-methylindolin-2-one (1.0 equiv.), iodine (1.2 equiv.), Cs2COs (2.2 equiv.),
EtOAc (2 mL), 16 h, rt. and (3c) Reaction conditions: 3-diazo oxindoles (1) (1.0 equiv.), isocyanides (2) (1.2 equiv.), H20 (1.0
equiv.), Pd(OAc)2 (10 mol%), K2COs (1.5 equiv.), 1,4-dioxane (2 mL), 12 h, 80 °C.

Scheme 2.3: Application of the methodology
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First, we performed de-tertiary butylation of 3-(aminoarylidene) oxindole derivative (4a) &
(4p) under mild reaction conditions>® and obtained the corresponding products (5a) & (5b) in
88 & 90% vyields respectively. Afterward, a reaction of (5a) was performed with bromoacetyl
bromide to functionalize amino functionality and obtained the product (6a) in 42% isolated
yield which proves that the presence of extra amino group is useful for adding more diversity
in 3-alkylidene oxindole derivatives. Also, we have set up a reaction of 3-
(amino(phenylamino)methylene)-1-methylindolin-2-one (5b") with iodine and Cs2COs in ethyl
acetate as a solvent at room temperature'®® and got 1'-methyl-3-(phenylamino) spiro[azirine-
2,3'-indolin]-2'-one derivative (6b) in 47% isolated yield. Moreover, we observed the formation
of amide at C-3 position of oxindole during the mechanistic investigation. To investigate this
observation, we performed a reaction in the presence of water rather than aniline, and
delightedly, the reaction provided product (7a) in 64% yield which clearly indicates that the
reaction goes through the formation of unstable ketenimine (v) intermediate as depicted in

figure 2.2.
2.3: Experimental section:
2.3.1: General procedure to synthesize (E)-3-alkylidene oxindole (4a-4h")

In a sealed tube having a stirrer bar added 3-diazo-1-methyloxindole (1.0 equiv., 100 mg, 0.58
mmol), isocyanide (1.2 equiv., 57.6 mg, 0.70 mmol), aniline (1.0 equiv., 54 mg, 0.58 mmol),
Pd(OAC)2 (10 mol%, 13 mg) and K>COs (1.5 equiv., 120 mg, 0.87 mmol) in 2 mL anhydrous
1,4-dioxane as a solvent. The resulting reaction mixture was stirred at 80 °C in a preheated oil
bath for 12 h. and the progress of the reaction was monitored using TLC. After completion of
the reaction as indicated by TLC, volatiles were evaporated under reduced pressure and the
obtained residue was purified by column chromatography using ethyl acetate in hexane as
eluents affording the corresponding (E)-3-alkylidene oxindole derivatives (4a-4h") in 31- 83%
yields.

2.3.2: General method for the synthesis of 3-diazo-1-methylindolin-2-one(1a-1i)%

A mixture of isatin (1.0 equiv., 1g, 6.80 mmol) and para- tosylhydrazones (1.1 equiv., 1.39
gm, 7.48 mmol) were added in methanol (~ 20 mL) at 60 °C in a preheated oil bath and stirred
the resulting mixture for 6 h which afforded a highly yellow colored solid of 3-(2-(p-tolyl)
hydrazono) indolin-2-one (B) after filtration. The filtered solid of (B) and NaOH (2.0
equivalent, 2.4 mmol) were dissolved in a mixture of THF and water in a ratio of 1:2, and

stirred the mixture at room temperature for 5 h. Upon complete conversion of the starting
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materials, workup of the reaction using ethyl acetate and distilled water in a 2:1 ratio was done,
and the volatiles were removed using a high vacuum. The orange-red solid of 3-diazo oxindoles
(C) (83%, 900 mg, 5.65 mmol) was obtained which directly used for the next step without
further purification. To the solution of NaH (60% in mineral oils, 1.05 equiv., 79 mg, 3.29
mmol) in 5 ml dry DMF under argon atmosphere at 0 °C, a solution of 3-diazo oxindoles (C)
(500 mg, 3.14 mmol) in 7.5 ml of DMF was added dropwise and the resulted mixture was
allowed to stir at 0 °C for 30 min. Then, alkyl halide (1.2 equiv., 235 pL, 3.76 mmol) was added
slowly, and the resulting mixture was slowly brought to room temperature and allowed it to
stir overnight. The reaction progress was monitored by TLC and upon complete consumption
of the reactants, the reaction mixture was poured into cold water and extracted with ethyl
acetate, then the volatiles were removed and, the resulting residue was purified by column
chromatography to obtain the desired 3-diazo-1-methylindolin-2-one (1a) (50% yield, 270 mg,
1.56 mmol) in moderate to good yield. The purity of the synthesized compounds (1a-1i) was
confirmed either 1H-NMR or HPLC chromatogram.

0 NNHTs N,
TsNHNH, (1.1 equiv. NaOH (2 iv.
©j€:0 2 (1.1 equiv) @E‘g:o aOH (2 equiv.) @E/gzo
N MeOH, 60 °C, 6h N THF: Water (1:2) N
A (1.0 eq.) B rt, 5h c
N (i) NaH (1.05 equiv.) N2
o .
o -GryDMF. 0°C, 30min. @E@‘O
N (i) Mel (1.2 equiv.) N
H dry DMF, rt, 12h. \
c 1a

Scheme 2.4: Synthesis of 3-diazo-1-methylindolin-2-one.

2.3.3: General method for the synthesis of 3-diazo-1-phenylindolin-2-one (1j)*

A mixture of isatin (100 mg, 1.0 equiv., 0.68mmol), phenylboronic acid (207 mg, 2.5 equiv.,
1.7 mmol), anhydrous Cu(OAc)2 (247 mg, 2 equiv., 1.36 mmol), pyridine (137 pL, 2.5 equiv.,
1.7 mmol) in 25 mL DCM was stirred at room temperature for 24 h at room temperature. The
progress of the reaction was monitored by TLC. The reaction mixture was poured into water
and extracted with DCM then volatiles were removed and the resulting residue was purified by
column chromatography to obtain the desired 1-phenylindolin-2-one (1g) (bright orange, 70%,
106 mg, 0.48 mmol). After that 3-diazo-1-phenylindolin-2-one was synthesized as

aforementioned procedure.
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H DCM, rt, 36h)
A (1.0 equiv.)

0O
O Phenylboronic acid (2.5 equiv.),
Cu(OAc), (2 equiv.), @)
y 0 Pyridine (2.5 equiv.) N
()
0 N2
o (i) TsSNHNH (1.1 equiv.) @E‘g:o
N MeOH, 60 °C, 6h N
D 1]

(i) NaOH (2 equiv.)
THF: Water (1:2)
rt, 5h

Scheme 2.5: Synthesis of 3-diazo-1-phenylindolin-2-one.

2.3.4: Computational details

All the calculations were performed using density functional theory (DFT) implemented in the
Gaussian 16 software.'® Most widely used B3LYP hybrid functional which uses Becke’s three-
parameter hybrid exchange-correlation functional along with the Lee, Yang, and Parr (LYP)
correlation functional was used to calculate optimized geometries and frequencies.!” The 6-
31+G** and SDD basis sets were used for main group atoms such as C, H, N, O, and palladium,
respectively. All the optimized structures have confirmed either minima (no imaginary
frequencies) or transition states (one imaginary frequency) at the same level of theory. To
inspect the connectivity of reactants and products with their respective transition states,
intrinsic reaction coordinate (IRC) calculations have also been performed. The Minnesota
continuum solvation model, SMD, was used to check the influence of 1,4- dioxane as solvent
using the same method and basis set as earlier.!® The 3D structures used in the calculation were
prepared and analyzed via the Chemcraft visualization program.*®

2.3.5: Characterization data
(E)-3-((tert-butylamino) (phenylamino)methylene)-1-methylindolin-2-one (4a)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:8 v/v, stationary
phase: Silica 60-120 mesh) afforded 4a; Solid, yield = 75% (140 mg, 0.44 mmol), *H NMR
(400 MHz, CDCls): 6 9.34 (s, 1H), 7.21(t, J = 8.0 Hz, 2H), 6.97-6.92 (m, 4H), 6.83(d, J = 8.0
Hz, 1H), 6.66 (t, J= 7.2 Hz, 1H), 6.45(d, J = 6.4 Hz, 1H), 6.13(s, 1H), 3.37(s, 3H), 1.48(s, 9H)
ppm. BC{*H} NMR (100 MHz, CDClIz): 6 169.8, 154.4, 140.2, 136.4, 129.7, 123.1, 122.6,
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121.7, 120.4, 119.5, 118.1, 106.8, 88.5, 53.8, 31.4, 25.8 ppm. HRMS (ESI-TOF) m/z: [M +
H]" calcd. for C2oH23N30 322.1875; found 322.1876.

(E)-1-methyl-3-((phenylamino)((2,4,4-trimethylpentan-2-yl)amino)methylene)indolin-2-
one (4b)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4b; Solid, yield = 80% (143 mg, 0.47 mmol), *H NMR
(400 MHz, CDCl3): 6 9.53 (s, 1H), 7.21(t, J = 8.4 Hz, 2H), 6.96-6.91 (m, 4H), 6.83 (d,J=7.6
Hz, 1H), 6.65 (t, J = 7.6 Hz, 7.2 Hz, 1H), 6.43 (d, J = 7.2 Hz, 1H), 6.12 (s, 1H), 3.38 (s, 3H),
1.75 (s, 2H), 1.53 (s, 6H), 1.05 (s, 9H) ppm. 2C{*H} NMR (100 MHz, CDCls): § 169.7, 154.1,
140.0, 136.3, 129.7, 123.1, 122.5, 121.5, 120.3, 119.5, 117.9, 106.7, 88.1, 57.3, 55.6, 32.1,
31.8, 31.7, 25.9 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C24H31N30 378.2538; found
378.2502.

(E)-3-((cyclohexylamino)(phenylamino)methylene)-1-methylindolin-2-one (4c)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4c; Solid, yield = 74% (150 mg, 0.42 mmol) *H NMR
(400 MHz, d® -DMSO): & 9.44 (s, 1H), 8.83 (s, 1H), 7.19 (t, J = 8.4 Hz, 2H), 6.97 (d, J = 7.6
Hz, 2H), 6.89-6.79 (m, 3H), 6.61-6.57(m, 2H), 3.59-3.57 (m, 1H), 3.22 (s, 3H), 1.78-1.09 (m,
10H) ppm. BC{"H} NMR (100 MHz, d®-DMSO): & 169.1, 154.7, 141.9, 136.1, 129.8, 123.7,
122.1,121.2, 120.2, 118.5, 107.2, 86.1, 51.2, 33.4, 25.9, 25.5, 24.8 ppm. HRMS (ESI-TOF)
m/z: [M + H]" calcd. for C22H2sN30 348.2076; found 348.2043.
(E)-3-((tert-butylamino)(phenylamino)methylene)-5-methoxy-1-methylindolin-2-one
(4d)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4d; Solid, yield = 78% (135 mg, 0.38 mmol), *H NMR
(400 MHz, CDCls): 6 9.46 (s, 1H), 7.21 (t, J = 8.0 Hz, 2H), 6.96-6.93 (m, 3H), 6.83 (d, J = 8.4
Hz, 1H), 6.50 (dd, J = 8.4 Hz, 2 Hz, 1H), 6.22 (s,1H), 6.02 (s, 1H), 3.33 (s, 3H), 3.30 (s, 3H),
1.49 (s, 9H) ppm. *C{*H} NMR (100 MHz, CDCls): & 169.8, 154.4, 154.3, 140.0, 130.6, 129.8,
123.8, 122.6, 118.2, 108.5, 107.0, 105.4, 88.1, 55.6, 53.7, 31.4, 25.9 ppm. HRMS (ESI-TOF)
m/z: [M + H]" calcd. for C21H2sN302 352.1980; found 352.1982.
(E)-5-methoxy-1-methyl-3-((phenylamino)((2,4,4-trimethylpentan-2-
yl)amino)methylene)indolin-2-one (4e)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4e; Solid, yield = 75% (151 mg, 0.37 mmol), *H NMR
(400 MHz, CDCl3): 6 9.63 (s, 1H), 7.21 (t, J = 8.4 Hz, 2H), 6.97-6.93 (m, 3H), 6.70 (d, J = 8.4
Hz, 1H), 6.50 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 6.17 (s, 1H), 6.02 (d, J = 2.4 Hz, 1H), 3.34 (s, 3H),
3.30 (s, 3H), 1.75 (s, 2H), 1.54 (s, 6H), 1.05 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDClz3): 3
169.7, 154.4, 154.0, 139.9, 130.5, 129.8, 123.6, 122.6, 118.1, 108.4, 106.9, 105.4, 88.2, 57.2,
55.6, 32.0, 31.9, 31.7, 25.9 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. CzsH33Nz02
408.2651; found 408.2669.

(E)-3-((cyclohexylamino)(phenylamino)methylene)-5-methoxy-1-methylindolin-2-one
(4f)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4f; Solid, yield = 68% (126 mg, 0.33 mmol), *H NMR
(400 MHz, d®-DMSO0): § 9.60 (s, 1H), 8.82 (s, 1H), 7.19 (t, J = 8.4 Hz, 2H), 6.95 (d, J = 7.6
Hz, 2H), 6.88 (t, J = 7.2 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 6.37 (dd, J = 8.0, 2.4 Hz, 1H), 6.09
(s, 1H), 3.69 -3.66 (m, 1H), 3.30 (s, 3H), 3.18 (s, 3H), 1.80-1.21 (m, 10H) ppm. BC{*H} NMR
(100 MHz, d®-DMSO): § 169.3, 154.6, 154.2, 141.9, 130.4, 129.9, 124.3, 122.1, 118.6, 107.2,
105.0, 86.3, 55.4, 51.1, 33.5, 26.1, 25.5, 24.2 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C23H27N302 378.2137; found 378.2139.

(E)-3-((tert-butylamino)(phenylamino)methylene)-1,5-dimethylindolin-2-one (49)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4g; Solid, yield = 79% (150 mg, 0.44 mmol), *H NMR
(400 MHz, CDClz): 6 9.32 (s, 1H), 7.22(t, J = 8.0 Hz, 2H), 6.97-6.93 (m, 3H), 6.75-6.70 (m,
2H), 6.22 (s,1H), 6.14 (s, 1H), 3.34 (s, 3H), 2.01 (s, 3H), 1.48 (s, 9H) ppm. BC{*H} NMR (100
MHz, CDCIs): 6 169.9, 154.4, 140.3, 134.4, 129.6, 129.5, 123.1, 122.5, 122.1, 120.5, 118.3,
106.4, 88.3,53.7, 31.4, 25.8, 21.4 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C21H25N30
336.2031; found 336.2035.

(E)-1,5-dimethyl-3-((phenylamino)((2,4,4-trimethylpentan-2-
yl)amino)methylene)indolin-2-one (4h)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4h; White Solid, yield = 75% (166 mg, 0.42 mmol), H
NMR (400 MHz, CDCls): 6 9.52 (s, 1H), 7.22(t, J = 8.0 Hz, 2H), 6.97-6.92 (m, 3H), 6.71 (s,
1H), 6.19 (s, 1H), 6.11 (s, 1H), 3.35 (s, 3H), 2.00 (s, 3H), 1.75 (s, 2H), 1.53 (s, 6H), 1.05 (s,
9H) ppm. BC{*H} NMR (100 MHz, CDCls): 6 169.8, 154.1, 140.1, 134.2, 129.6, 129.4, 123.1,
122.5, 121.8, 120.6, 118.2, 106.3, 87.9, 57.3, 55.6, 32.0, 31.8, 31.7, 25.9, 21.4 ppm. HRMS
(ESI-TOF) m/z: [M + H]" calcd. for C2sHs3N3sO 392.2702; found 392.2708.

(E)-3-((cyclohexylamino)(phenylamino)methylene)-1,5-dimethylindolin-2-one (4i)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4i; White Solid, yield = 76% (154 mg, 0.43 mmol), *H
NMR (400 MHz, d®-DMSO): § 9.44 (s, 1H), 8.81 (s, 1H), 7.21 (t, J = 8.0 Hz, 2H), 6.98 (d, J
=8.0 Hz, 2H), 6.81 (t, J = 7.2 Hz, 1H), 6.71 (d, J = 7.6 Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 6.44
(s, 1H), 3.54 -3.52 (m, 1H), 3.19 (s, 3H), 1.99 (s, 3H), 1.77-1.20 (m, 10H) ppm. BC{*H} NMR
(100 MHz, d®-DMSO0): § 169.2, 154.7, 141.9, 132.1, 129.7, 129.2, 128.4, 123.8, 122.2, 121.7,
121.4,119.5, 118.8, 117.9, 106.8, 86.0, 51.2, 33.3, 26.0, 25.5, 24.2, 21.7 ppm. HRMS (ESI-
TOF) m/z: [M + H]" calcd. for C23H27N30 362.2232; found 362.2245.

(E)-3-((tert-butylamino)(phenylamino)methylene)-6-methoxy-1-methylindolin-2-one (4j)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4j; Solid, yield = 73% (126 mg, 0.36 mmol), *H NMR
(400 MHz, CDCls): 9.03(s, 1H), 7.21 (t, J = 8.0 Hz, 2H), 6.96-6.88 (m, 3H), 6.43 (d, J = 8.0
Hz, 1H), 6.31-6.22 (m, 2H), 6.03 (s, 1H), 3.73 (s, 3H), 3.33 (s, 3H), 1.46 (s, 9H) ppm. BC{*H}
NMR (100 MHz, CDCIs): 6 170.3, 156.1, 153.1, 140.2, 137.9, 129.6, 122.2, 120.2, 117.8,
116.4, 105.4, 94.4, 55.6, 53.7, 31.5, 25.8 ppm. HRMS (ESI-TOF) m/z: [M + H]* calcd. for
C21H26N302 352.2025; found 352.2032.

(E)-3-((tert-butylamino)(phenylamino)methylene)-1-methyl-5-nitroindolin-2-one (4k)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4j; Solid, yield = 43% (74 mg, 0.14 mmol), *H NMR (400
MHz, CDCls): & 9.54 (s, 1H), 7.82 (dd, J = 8.8, 2.4Hz, 1H), 7.23 (t, J = 8.8, 2H), 7.18 (s, 1H),
7.00 (t, J = 8.4, 3H), 6.78 (d, J = 8.4Hz, 1H), 6.38 (s, 1H), 3.40 (s, 3H), 1.55 (s, 9H)ppm.
BC{*H} NMR (100 MHz, CDClz): 6 170.1, 155.8, 141.7, 140.2, 139.0, 130.0, 124.2, 123.1,
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119.6,117.8, 114.5, 105.7, 85.3, 53.8, 31.2, 26.2 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd.
for C20H23N403 367.1770; found 367.1803.
(E)-1-methyl-5-nitro-3-((phenylamino)((2,4,4-trimethylpentan-2-
yl)amino)methylene)indolin-2-one (4l)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4k; Solid, yield = 34% (68 mg, 0.16 mmol), *H NMR (400
MHz, CDCls): 6 9.63 (s, 1H), 7.83 (dd, J = 8.0, 2.0Hz, 1H), 7.26-7.22 (m, 2H), 7.17 (d, J =
2.0Hz, 1H), 7.02-6.98 (m, 3H), 6.79 (s, J = 8.8Hz, 1H), 6.36 (s, 1H), 3.40 (s, 3H), 1.79 (s, 2H),
1.60 (s, 6H), 1.07 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCl3): & 170.0, 155.5, 141.7, 140.2,
138.9, 123.0, 124.2, 123.1, 119.5, 117.7, 114.6, 105.6, 85.1, 57.4, 55.2, 32.1, 31.6, 26.2 ppm.
HRMS (ESI-TOF) m/z: [M + H]" calcd. for C24H31N4O3 423.2351; found 423.2352.
(E)-3-((cyclohexylamino)(phenylamino)methylene)-1-methyl-5-nitroindolin-2-one (4m)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4l; Solid, yield = 31% (56 mg, 0.14 mmol), *H NMR (400
MHz, d®-DMSO): § 9.48 (d, J = 8.4Hz, 1H), 9.22 (s, 1H), 7.22 (dd, J = 8.4, 2.4 Hz, 1H), 7.28
(d, J = 2.0Hz, 1H), 7.22 (t, J = 7.2, 2H), 7.02 (t, J = 7.2, 3H), 6.94 (t, = 7.2, 1H), 3.75- 3.68
(m, 1H), 3.30 (s, 3H), 1.83- 1.22 (m, 10H)ppm. *C{*H} NMR (100 MHz, d®-DMSO): § 169.3,
157.2, 155.7,141.2, 140.9, 140.4, 129.9, 124.0, 123.4, 120.1, 117.3, 113.0, 106.7, 83.8, 51.3,
33.9, 33.2, 26.4, 25.8, 25.4, 25.0, 24.2 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C22H24N403 393.1927; found 393.1950.
(E)-3-((tert-butylamino)(phenylamino)methylene)-1-methyl-7-(trifluoromethyl)indolin-
2-one (4n)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) afforded 4n; solid, yield = 54% (87.2 mg, 0.22 mmol), 'H NMR
(400 MHz, CDClz): 9.64 (s, 1H), 7.23-7.17 (m, 3H), 6.97 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 8.0
Hz, 2H), 6.69-6.62 (m, 2H), 6.20 (s, 1H), 3.57 (q, J = 2.4 Hz, 1H), 1.52 (s, 9H) ppm. BC{*H}
NMR (100 MHz, CDCls): 8 170.0, 155.1, 139.7, 132.9, 129.8, 125.9, 125.3, 123.2, 123.1,
122.3, 119.3, 119.25, 119.19, 119.12, 119.07, 116.3, 111.1, 110.8, 110.5, 110.2, 86.2, 53.6,
31.3, 28.3 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C21H23F3N3sO 390.1793; found
390.1801.
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(E)-3-((tert-butylamino)(phenylamino)methylene)-7-fluoro-1-methylindolin-2-one  (40)
Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) afforded 40; solid, yield = 51% (91 mg, 0.27 mmol), *H NMR (400
MHz, CDCls): 9.51(s, 1H), 7.21 (t, J = 8.0 Hz, 2H), 6.98-6.91(m, 3H), 6.64-6.59(m, 1H), 6.54-
6.50 (m, 1H), 6.23-6.16 (m, 2H), 3.58 (d, J =2.4 Hz, 3H), 1.49(s, 9H) ppm. *C{*H} NMR (100
MHz, CDCls): 8 169.4, 155.0, 149.0, 146.6, 139.9, 129.7, 126.2, 122.9, 120.3, 118.2, 115.2,
108.9, 108.7, 87.9, 53.8, 31.3, 28.33, 28.28 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C20H22FN30 340.1825; found 340.1834.

(E)-3-((tert-butylamino)(phenylamino)methylene)-5-chloro-1-methylindolin-2-one (4p)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4m; Solid, yield = 83% (140 mg, 0.40 mmol), *H NMR
(400 MHz, CDCl3): 6 9.49 (s, 1H), 7.24 (t, J = 8.0 Hz, 2H), 7.02-6.93 (m, 3H), 6.85 (dd, J =
8.4, 1.6 Hz, 1H), 6.66 (d, J = 8.4Hz, 1H), 6.29 (s, 1H), 6.21 (s, 1H), 3.33 (s, 3H), 1.50 ppm (s,
9H), BC{*H} NMR (100 MHz, CDCl3): 6 169.6, 155.0, 139.6, 134.5, 129.8, 125.7, 124.4, 123.3,
120.9,119.2, 118.7, 107.3, 86.9, 53.7, 31.3, 25.9 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd.
for C20H22CIN30 356.1530; found 356.1560.

(E)-5-chloro-1-methyl-3-((phenylamino)((2,4,4-trimethylpentan-2-
yl)amino)methylene)indolin-2-one (4q)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 vl/v, stationary
phase: Silica 60-120 mesh) afforded 4n; Solid, yield = 76% (149 mg, 0.36 mmol), *H NMR
(400 MHz, CDClI3): 6 9.65 (s, 1H), 7.24 (t, J = 8.4, 2H), 7.02-6.93 (m, 3H), 6.84 (dd, J = 8.0,
2.0 Hz, 1H), 6.69 (d, J = 8.0Hz, 1H), 6.27 (s, 1H), 6.19 (s, 1H), 3.34 (s, 3H), 1.75 (s, 2H), 1.55
(s, 6H), 1.05 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCla): & 169.4, 154.7, 139.4, 134.7,
129.8, 124.9, 123.4, 123.3, 122.1, 118.7, 113.2, 107.7, 86.9, 57.5, 55.4, 32.0, 31.8, 31.6, 25.9
ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C24H31CIN3O 412.2155; found 412.2184.
(E)-5-chloro-3-((cyclohexylamino)(phenylamino)methylene)-1-methylindolin-2-one (4r)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4o; Solid, yield = 81% (150 mg, 0.38 mmol), *H NMR
(400 MHz, d®-DMSO): § 9.52 (d, J = 3.6 Hz, 1H), 8.97 (s, 1H), 7.23 (t, J = 8.0 Hz, 2H), 6.94
(t, J=7.2, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.79 (dd, J = 8.4, 2.0 Hz, 1H), 3.64 -3.57 (m, 1H),
3.21 (s, 3H), 1.79-1.16 (m, 10H) ppm. BC{*H} NMR (100 MHz, d®-DMSO): § 169.0, 155.3,
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141.4, 134.4, 129.9, 125.4, 1245, 122.8, 120.1, 119.3, 117.8, 108.1, 85.0, 51.2, 33.3, 26.1,
25.5, 24.2 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C22H24CIN3O 382.1686; found
382.1699.
(E)-5-bromo-3-((tert-butylamino)(phenylamino)methylene)-1-methylindolin-2-one (4s)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4p; Solid, yield = 50% (80 mg, 0.20 mmol), *H NMR (400
MHz, CDClz3): 8 9.51 (s, 1H), 7.25 (t, J = 8.0 Hz, 2H), 7.04-6.94 (m, 4H), 6.66 (d, J = 8.4Hz,
1H), 6.41 (s, 1H), 6.18 (s, 1H), 3.34 (s, 3H), 1.51 ppm (s, 9H), *C{*H} NMR (100 MHz, CDCl5):
3 169.5,155.0, 139.5, 134.8, 129.8, 124.8, 123.6, 123.4,122.1, 118.8, 113.3, 107.8, 86.6, 53.7,
32.0, 31.3, 25.9 ppm. HRMS (ESI-TOF) m/z: [M + H]* calcd. for C2oH23BrNsO 400.1025;
found 400.1042.

(E)-5-bromo-1-methyl-3-((phenylamino)((2,4,4-trimethylpentan-2-
yl)amino)methylene)indolin-2-one (4t)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4q; Solid, yield = 49% (90 mg, 0.20 mmol), *H NMR (400
MHz, CDCls): § 9.65 (s, 1H), 7.25 (t, J = 7.6Hz, 2H), 7.04-6.93 (m, 4H), 6.66 (d, J = 8.0Hz,
1H), 6.40 (s, 1H), 6.18 (s, 1H), 3.34 (s, 3H), 1.76 (s, 2H), 1.55 (s, 6H), 1.05 (s, 9H) ppm.
BC{*H} NMR (100 MHz, CDClIs): 6 169.4, 154.7, 139.35, 134.7, 129.8, 124.9, 123.4, 123.3,
122.1,118.7,113.2,107.7, 86.3,57.3, 55.4, 32.0, 31.8, 31.6, 25.9 ppm. HRMS (ESI-TOF) m/z:
[M + H]" calcd. for C24H31BrN3O 457.1550; found 457.1556.

(E)-5-bromo-3-((cyclohexylamino)(phenylamino)methylene)-1-methylindolin-2-one (4u)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4r; Solid, yield = 47% (80 mg, 0.18 mmol), *H NMR (400
MHz, d®-DMSO0): § 9.53 (s, 1H), 8.99 (s, 1H), 7.23 (t, J = 8.0 Hz, 2H), 7.00-0.90 (m, 4H), 6.77
(d, J = 8.4 Hz, 1H), 6.62 (s, 1H), 3.62 -3.60 (m, 1H), 3.20 (s, 3H), 1.77-1.18 (m, 10H) ppm.
BC{H} NMR (100 MHz, d®-DMSO): & 168.8, 155.3, 141.4, 134.7, 129.9, 129.2, 125.8, 122.9,
122.8, 120.6, 119.3, 118.0, 112.6, 108.7, 84.8, 51.2, 33.3, 26.0, 25.5, 24.2 ppm. HRMS (ESI-
TOF) m/z: [M + H]" calcd. for C22H2sBrNsO 426.1181; found 426.1189.
(E)-3-((tert-butylamino)(phenylamino)methylene)-1-phenylindolin-2-one (4v)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4s; Solid, yield = 43% (70 mg, 0.18 mmol), *H NMR (400
MHz, CDClz): 6 9.53 (s, 1H), 7.53-7.48 (m, 4H), 7.39-7.35 (m, 1H), 7.28-7.24 (m, 2H), 7.00
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(t, J=17.6, 3H), 6.88-6.83 (m, 2H), 6.71 (t, J = 5.6 Hz, 1H), 6.53 (d, J = 5.6 Hz 1H), 6.21 (s,
1H), 1.49 (s, 9H). BC{*H} NMR (100 MHz, CDCls): 5 169.4, 155.0, 140.1, 136.1, 135.7, 129.8,
1295, 127.4, 127.4, 123.3, 122.8, 121.6, 120.9, 119.5, 118.2, 108.2, 87.9, 53.8, 31.4 ppm.
HRMS (ESI-TOF) m/z: [M + H]" calcd. for CosH25N3O 384.2075; found 384.2052.

(E)-3-((tert-butylamino)((4-chlorophenyl)amino)methylene)-1-methylindolin-2-one (4w)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4t; Solid, yield = 73% (152 mg, 0.43 mmol), *H NMR
(400 MHz, CDCls): 6 9.29 (s, 1H), 7.16 (d, J = 8.8 Hz, 2H), 6.96 (t, J = 7.6, 1H), 6.84 (d, J =
7.6, 3H), 6.70 (t, J = 7.6, 1H), 6.46 (d, J = 7.2 Hz, 1H), 6.06 (s, 1H), 3.36 (s, 3H), 1.46 (s, 9H)
ppm. BC{*H} NMR (100 MHz, CDCls): 6 169.8, 154.4, 140.2, 136.4, 129.7, 123.1, 122.6,
121.7, 120.4, 119.5, 118.1, 106.8, 88.5, 53.8, 31.4, 25.8 ppm. HRMS (ESI-TOF) m/z: [M +
H]" calcd. for C20H22CIN3O 356.1530; found 356.1542.
(E)-3-(((4-bromophenyl)amino)(tert-butylamino)methylene)-1-methylindolin-2-one (4x)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4u; Solid, yield = 70% (159 mg, 0.41 mmol), *H NMR
(400 MHz, CDClIs): 6 9.29 (s, 1H), 7.31 (d, J = 8.8, 2H), 6.97 (t, J = 7.2 Hz, 1H), 6.85-6.78
(m, 3H), 6.72 (t, J = 7.2 Hz, 1H), 6.47 (d, J = 6.8 Hz, 1H), 6.07 (s, 1H), 3.36 (s, 3H), 1.46 (s,
9H) ppm. BC{*H} NMR (100 MHz, CDCl»): 6 169.7, 153.7, 139.5, 136.7, 132.6, 122.7, 122.1,
120.7, 119.5, 119.2, 114.7, 107.0, 89.1, 53.8, 31.4, 25.8 ppm. HRMS (ESI-TOF) m/z: [M +
H]* calcd. for C2oH23BrNsO 401.0926; found 401.0928.

(E)-3-((tert-butylamino)((4-fluorophenyl)amino)methylene)-1-methylindolin-2-one (4y)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4v; Solid, yield = 58% (114 mg, 0.33 mmol), *H NMR
(400 MHz, CDCls): 6 9.32 (s, 1H), 6.96-6.90 (m, 5H), 6.84 (d, J = 7.6 Hz, 1H), 6.69 (s, 1H),
6.45 (s, 1H), 6.17 (s, 1H), 3.36 (s, 3H), 1.46 (s, 9H) ppm. C{*H} NMR (100 MHz, CDClz3): &
169.7, 159.6, 154.7, 136.1, 122.9, 121.8, 120.5, 119.6, 119.2, 116.5, 116.2, 106.9, 88.0, 53.8,
31.3, 25.8 ppm. HRMS (ESI-TOF) m/z: [M + H]* calcd. for C20H22FN3O 340.1825; found
340.1845.

(E)-3-((tert-butylamino)(p-tolylamino)methylene)-1-methylindolin-2-one (4a")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4x; Solid, yield = 72% (140 mg, 0.42 mmol), *H NMR
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(400 MHz, CDCl3): 6 9.34 (s, 1H), 7.01 (d, 2H), 6.94 (t, J = 7.6, 1H), 6.84 (t, 3H), 6.68 (t, J =
8.4, 1H), 6.49 (s, 1H), 6.12 (s, 1H), 3.37 (s, 3H), 2.25 (s, 3H), 1.47 (s, 9H) ppm. BC{*H} NMR
(100 MHz, CDCls): 6 169.8, 154.9, 137.7, 136.3, 132.2, 130.2, 123.3, 121.5, 120.4, 119.4,
118.3, 106.7, 88.0, 53.7, 31.4, 25.8, 20.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
Ca1H25N30 336.2076; found 336.2082.
(E)-3-((tert-butylamino)((4-methoxyphenyl)amino)methylene)-1-methylindolin-2-one
(4b")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4y; Solid, yield = 79% (162 mg, 0. 49mmol), *H NMR
(400 MHz, CDCl3): 6 9.34 (s, 1H), 6.93 (m, 3H), 6.83 (d, J = 8.0 Hz, 1H), 6.76 (m, 2H), 6.68
(s, 1H), 6.47 (s, 1H), 6.08 (s, 1H), 3.72 (s, 3H), 3.37 (s, 3H), 1.47 (s, 9H) ppm. B¥C{*H} NMR
(100 MHz, CDCls): & 169.7, 155.5, 136.2, 133.5, 123.2, 121.3, 120.4, 120.1, 119.1, 114.9,
106.7, 87.2, 55.5, 31.3, 25.8 ppm. HRMS (ESI-TOF) m/z: [M + H]* calcd. for C21H25N30>
352.2034; found 352.2025.
(E)-3-((tert-butylamino)(o-tolylamino)methylene)-1-methylindolin-2-one (4c")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4z; Solid, yield = 66% (128 mg, 0.38 mmol), *H NMR
(400 MHz, CDClz): 6 9.48 (s, 1H), 7.24 (s, 1H), 6.90 (m, 5H), 6.63 (s, 1H), 6.21 (s, 1H), 5.89
(s, 1H), 3.37 (s, 3H), 3.41 (s, 3H), 1.48 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): & 169.7,
155.2,138.5, 136.4, 130.8, 127.4, 125.9, 123.1, 122.8, 121.5, 120.4, 118.9, 118.2, 106.8, 87.9,
53.5, 31.5, 25.8, 18.1 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C21H25N30 336.2076;
found 336.2081.
(E)-3-((tert-butylamino)(m-tolylamino)methylene)-1-methylindolin-2-one (4d")
Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) afforded 4d'; solid, yield = 61% (119 mg, 0.35 mmol), *H NMR
(400 MHz, CDClz): 9.33(s, 1H), 7.06 (t, J = 8.0 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.81 (d, J =
7.6 Hz, 1H), 6.77-6.67 (m, 4H), 6.49 (s, 1H), 6.09 (s, 1H), 3.37 (s, 3H), 2.24 (s, 3H), 1.49 (s,
9H) ppm. B*C{*H} NMR (100 MHz, CDCl3): 4 169.7, 154.6, 140.2, 139.5, 136.4, 129.4, 123.5,
123.2,121.6,120.4,119.5, 118.8, 115.2, 106.8, 88.5, 31.4, 25.8, 21.6 ppm. HRMS (ESI-TOF)
m/z: [M + H]" calcd. for C21H25N30 336.2076; found 336.2086.

(E)-3-((tert-butylamino)((4-methoxyphenyl)amino)methylene)-5-methoxy-1-
methylindolin-2-one (4e")
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4e'; Solid, yield = 81% (152 mg, 0.40 mmol),'*H NMR
(400 MHz, CDCls): 9.45 (s, 1H), 6.94 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 6.70 (d, J
= 8.4 Hz, 1H), 6.49 (d, J = 6.4 Hz, 2H), 6.07 (s, 1H), 3.71 (s, 3H), 3.38 (s, 3H), 3.33 (s, 3H),
1.48 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): 6 169.8, 155.6, 155.3, 154.4, 133.4, 130.5,
123.8, 120.3, 115.0, 108.1, 106.8, 105.2, 87.2, 55.7,55.6, 31.4, 25.8 ppm. HRMS (ESI-TOF)
m/z: [M + H]" calcd. for C22H2sN303 382.2130; found 382.2138.

(E)-3-((tert-butylamino)((4-fluorophenyl)amino)methylene)-1,5-dimethylindolin-2-one
(4f")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) afforded PS-442; solid, yield = 69% (130 mg, 0.37 mmol), *H NMR
(400 MHz, CDCls): 9.31 (s, 1H), 6.92 (d, J = 6.4 Hz, 4H), 6.76-6.70 (m, 2H), 6.22 (s, 1H), 6.07
(s, 1H), 3.71 (s, 3H), 3.33 (s, 3H), 2.04 (s, 1H), 1.47 (s, 9H) ppm. BC{*H} NMR (100 MHz,
CDCl3): 169.8, 154.6, 136.4, 134.4, 129.6, 123.0, 122.3, 120.2, 119.9, 116.4, 116.1, 106.5,
87.7, 53.7, 31.3, 25.8, 21.4, 8 HRMS (ESI-TOF) m/z: [M + H]" calcd. for C2:H25FN3O
354.1982; found 354.1971.

(E)-3-((tert-butylamino)(methyl(phenyl)amino)methylene)-1-methylindolin-2-one (49")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4a’; Solid, yield = 58% (114 mg, 0.34 mmol), *H NMR
(400 MHz, CDClz3): 6 9.59 (s, 1H), 7.36 (s, 1H), 7.11 (s, 1H), 7.00 (td, J = 7.6, 1.2 Hz, 1H),
6.86-6.82 (m, 4H), 6.79 (td, J = 8.0, 1.2 Hz, 1H), 6.69 (d, J = 8 Hz, 1H), 3.38 (s, 3H), 3.39 (s,
3H), 1.31 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): § 170.0, 158.9, 145.9, 137.0, 129.4,
122.8,122.7,121.1,119.6, 118.6, 116.3, 112.2, 107.3, 93.8, 54.8, 38.3, 31.1, 25.9 ppm. HRMS
(ESI-TOF) m/z: [M + H]" calcd. for C21H25N30 336.2076; found 336.2102.
(E)-3-((tert-butylamino)(pyridin-2-ylamino)methylene)-1-methylindolin-2-one (4h")

Purification by column chromatography (mobile phase: EtOAc/Hexane, 1:9 v/v, stationary
phase: Silica 60-120 mesh) afforded 4b'; Solid, yield = 37% (71 mg, 0.22mmol), *H NMR (400
MHz, CDCl3): 6 9.35 (s, 1H), 8.28 (d, J = 4.4 Hz, 1H), 7.38 (td, J = 8.4, 1.6 Hz, 1H), 6.97 (t,
J=28.0, 1H), 6.86-6.82(m, 3H), 6.71 (t, J = 5.6 Hz, 1H), 6.62 (d, J = 8.0, 1H), 6.51 (d,J =7.2
Hz, 1H), 3.37 (s, 3H), 1.48 (s, 9H) ppm. 2C{*H} NMR (100 MHz, CDCls): & 169.6, 153.1,
152.5, 148.5, 138.6, 136.9, 122.9, 122.3, 120.7, 119.5, 117.2, 110.2, 107.0, 90.5, 53.8, 31.2,
25.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C19H23N40 323.1872; found 323.1887.
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(E)-3-(amino(phenylamino)methylene)-1-methylindolin-2-one (5a)

Purification by work-up (EtOAc:H20, 1:2 v/v) afforded 5a; Solid, yield = 88% (76 mg,
0.29mmol), *H NMR (400 MHz, CDCls): & 11.53 (s, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.27 (d, J
= 7.6 Hz, 3H), 7.16-7.13 (m, 1H), 7.08-7.00 (m, 2H), 6.95 (d, J = 7.2 Hz, 1H), 5.27 (s, 2H),
3.39 (s, 3H) ppm. 2C{*H} NMR (100 MHz, CDCla): § 167.4, 154.2, 134.9, 129.0, 125.5, 123.8,
122.9,119.8,119.5, 114.3, 106.4, 79.4, 24.7 ppm. HRMS (ESI-TOF) m/z: [M + H]* calcd. for
C16H16N30 266.1293; found 266.1304.

(E)-3-(amino(phenylamino)methylene)-5-chloro-1-methylindolin-2-one (5b)

Purification by work-up (EtOAc: H20, 1:2 v/v) afforded 5b; Solid, yield = 91% (77 mg,
0.26mmol) *H NMR (400 MHz, CDCls): § 7.46 (dt, J = 8.4, 2.0 Hz, 2H), 7.33-7.30 (m, 3H),
7.10 (s, 1H), 6.95 (dd, J = 8.4, 2.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 3.37 (s, 3H), 2.65 (s, 1H)
ppm. BC{*H} NMR (100 MHz, CDCls): 169.9, 167.2, 154.6, 134.2, 129.2, 126.1, 124.8, 124.2,
124.1, 119.4, 114.2, 107.1, 76.2, 24.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C16H15CIN30O 300.0904; found 300.0922.
(E)-((1-methyl-2-oxoindolin-3-ylidene)(phenylamino)methyl)glycinoyl bromide (6a)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) Solid, yield = 42% (61 mg, 0.16mmol) *H NMR (400 MHz, d®-
DMSO): 6 7.67 (d, J = 7.2 Hz, 1H), 7.52-7.48 (m, 2H), 7.44-7.37 (m, 2H), 7.30-7.27 (m, 2H),
7.21 (s, 1H), 7.14-7.10 (m, 1H), 7.09 (s, 1H), 6.96 (s, 1H), 5.72 (s, 2H), 3.17 (s, 3H) ppm.
B3C{*H} NMR (100 MHz, DMSO- de): 6 174.8, 173.6, 173.4, 145.2, 132.6, 130.3, 129.7, 129.4,
127.5, 124.8, 123.6, 109.8, 57.1, 55.5, 27.3. HRMS (ESI-TOF) m/z: [M + H]* calcd. for
C18H17BrNsO. 385.0426; found 385.0413

5'-chloro-1'-methyl-3-(phenylamino)spiro[azirine-2,3'-indolin]-2'-one (6b)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 3:7 v/v, stationary
phase: Silica 60-120 mesh) Solid, yield = 47% (46 mg, 0.16mmol), *H NMR (400 MHz,
CDCl3): 6 7.74 (s, 1H), 7.55 (d, J = 2.4 Hz, 1H), 7.27-7.25 (m, 3H), 7.03 (t, J = 7.6 Hz, 1H),
6.97-6.95 (m, 2H), 6.67 (d, J=8.4 Hz, 1H), 3.18 (s, 3H) ppm. *C{*H} NMR (100 MHz, CDCl5):
0171.8,151.5,147.5,143.4,130.4, 129.6, 129.1, 126.6, 124.5, 123.4, 120.9, 109.8, 62.9, 26.7.
HRMS (ESI-TOF) m/z: [M + H]" calcd. for C1sH13CIN3O 280.0669; found 280.0657.

N-(tert-butyl)-1-methyl-2-oxoindoline-3-carboxamide (7a)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 2:8 v/v, stationary
phase: Silica 60-120 mesh) Solid, yield = 64% (91 mg, 0.37 mmol), *H NMR (400 MHz,
CDCls): 6 7.73 (d, J = 7.2 Hz, 1H), 7.46 (s, 1H), 7.31 (t, J = 6.8 Hz, 1H), 7.13 (t, J = 7.6 Hz,
1H), 6.83 (d, J = 7.6 Hz, 1H), 4.16 (s, 1H), 3.22 (s, 3H), 1.37 (s, 9H) ppm. *C{*H} NMR (100
MHz, CDCls): 6 173.7, 162.6, 143.4, 128.5, 127.1, 123.7, 123.3, 108.3, 51.6, 51.0, 28.8, 26.6.
HRMS (ESI-TOF) m/z: [M + H]" calcd. for C14H18N202 247.1447; found 247.1464.

2.4: Conclusion

In summary, a Pd-catalyzed multicomponent reaction using 3-diazo oxindole as a carbene
precursor along with isocyanide and aniline to provide clinically relevant (E)-3-al oxindoles
has been reported. This simple protocol was found compatible with various electron-rich, and
electron-deficient groups containing 3-diazo oxindole, aniline, and isocyanides which in turn
provided (E)-3-alkylidene oxindole derivatives in moderate to good vyields. Also, (E)-3-
alkylidene oxindole derivatives containing two amine-substituents were synthesized for the
first time. Next, DFT calculations were used to investigate the plausible route that suggested
the formation of Pd(I1)-carbene complex which undergoes migratory insertion into isocyanide
to produce ketenimine intermediate, followed by nucleophilic addition of aniline to provide
(E)-3-alkylidene oxindole. The nucleophilic addition of aniline was considered to be a rate-

determining step as it exists at the highest energy barrier.
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Chapter 3

3.1: Introduction

N-fused polycyclic indoles have attracted great attention in synthetic chemistry due to their
ubiquitous presence in a number of natural products and pharmaceutical agents (Figure 3.1).
They displayed a wide range of biological activities such as anticancer, anti-inflammatory,
antimicrobial, antiatherogenic, and antihypertensive, etc. Moreover, indole-fused heterocycles

are imperative structural units of various agrochemicals, plastics and dyes that are integrated

into everyday life.!>¢
H
O N
\ \©\/Q
o HO H O OMe
OH
Anti-HIV actlwty MOA-A inhibtor (anti-depressant) Lennoxamine (natural product)
O
N NN \\OH
N N s
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\ 3 H
TNF-a antagonist Phytoalexin (anti-microbial) Paxilline- type alkaloid

Figure 3.1. Biologically important indole-fused heterocycles

In this context, various combinations of polycyclic indole-fused heterocycles have been
designed and synthesized in the past.?** However, the production of these moieties is very
challenging due to the requirement of multistep synthesis which is associated with their own
disadvantages. So, the development of novel and efficient methodologies to synthesize indole-
fused heterocyclic scaffolds is highly admirable in synthetic chemistry. Throughout the
significant progress made in this area, different methods have been developed to synthesize
tricyclic oxazolo[3,2-a] indole moiety. In this context, Zhu et al. synthesized oxazolo[3,2-a]
indolones via visible light-induced aerobic dearomative reaction of N-substituted indoles in the
presence of Ru-catalyst (Scheme 3.1a).> Next, a metal and solvent-free approach to synthesize
oxazolo[3,2-a] indolones using propargylic alcohols and indole derivatives was developed by
Oparina’s group (Scheme 3.1b).* Recently, Wang and co-workers reported a cascade approach
to synthesized oxazolo[3,2-a] indolones along with indolo [2,3-b] indoles in the presence of
rhodium catalyst at 130 °C (Scheme 3.1¢).° However, most of these approaches are associated
with certain limitations such as complex starting materials, longer reaction time, lower

efficiency, and substrate scope.
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On the other hand, cascade or tandem reactions have been found very advantageous to improve
synthetic efficiency in modern organic chemistry.®*® Further, cascade reaction involves
multiple bonds forming reactions in one-pot, representing an attractive strategy towards the
facile synthesis of novel molecular frameworks with less wastage of resources. In particular,
transition metal-catalyzed one-pot cascade reactions are being used to generate novel fused
heterocycles.”®¢ Interestingly, isocyanides have been considered as an important substrate for
transition metal-catalysed one-pot cascade reactions since they can react both as a nucleophile
or an electrophile in chemical reactions.®™® In this context, several cascade reactions using
isocyanides have been developed in the past. Recently, Tang’s group reported a cerium triflate
catalysed triple isocyanide insertion approach to develop a library of oxazole derivatives.’
Next, Guchhait et al. developed a cascade C-H activation methodology to construct bicyclic
indolyl motifs via intramolecular isocyanide insertion using Pd-catalyst.'® Another efficient
approach towards consecutive triple isocyanide insertion into aldehydes to synthesize a broad
library of 4-cyano oxazole derivatives was reported by Xu and co-workers. (Scheme 3.1d-
3.1 Also, we have developed a Pd-catalysed one-pot cascade reaction to access benzoxazine
fused 1,2,3-triazoles using N-aryl-a-(tosylhydrazone)acetamides with isocyanide.!? In
continuation of our efforts to develop novel cascade reactions by the use of isocyanide and
diazo compounds (Scheme 3.1g)!, herein, we have developed a Pd-catalysed multicomponent
cascade reaction of 3-diazo oxindole, isocyanide, and H>O to generate tricyclic oxazolo [3,2-

a] indole scaffolds (Scheme 3.1h).
3.2: Results and discussion
3.2.1: Optimization of the reaction conditions

Initially, we envisioned the synthesis of indole-3-acetamide via the formation of indole-based
ketenimines intermediate by the reaction of isocyanide and 3-diazo oxindole as previously
reported by our group and others. To actualize our hypothesis, we set up a reaction of zerz-butyl
isocyanide, water, and 3-diazo oxindole using 10 mol% of Pd(PPh3)s, 1.2 equivalent of NaxCO3
in toluene as a solvent at 80 °C and obtained the product in 30% isolated yield. However,
characterization techniques such as 'H-NMR, 3C-NMR, HRMS, and X-ray confirm the

unprecedented formation of tricyclic oxazolo[3,2-a] indole derivative (Scheme 3.2).
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Scheme 3.2. Possible structures under Pd-catalyzed reaction

Drawing encouragement from these findings, next, we decided to optimize the reaction
conditions to improve the yield of the multicomponent cascade reaction by selecting 3-diazo
oxindole (1a), fert-butyl isocyanide (2a), and H>O as model substrates. Initially, we screened
different transition metal catalysts such as Cu(OAc)> and Rh2(OAc)4 in addition to Pd(PPh3)4,
and unexpectedly reaction worked only with Pd-catalyst (Table 3.1, entries 1-3). Afterward,
we examined different palladium-based catalysts like Pd(OAc)2, PA(TFA)>, Pd(OPiv),, PdCl,
PdCIx(NCCgHs)2, PA(DPPF)Cl2,Pd2(dba)s etc. and obtained the product (3a) in maximum yield
1.e. 56% when 10 mmol% of Pd(OAc): was added as a catalyst (Table 3.1, entry 4-6) & (Table
3.1, entries 7-10). However, on decreasing the amount of PA(OAc)> from 10 mol% to 5 mol%,
the yield of the model reaction got decreased (Table 3.1, entry 11). Also, it must be noticed
that the reaction didn’t work in the absence of a palladium catalyst (Table 3.1, entry 12). Next,
we screened different bases and found that the reaction provided maximum yield in the case of
K2CO3 as compared to other bases such as NaxCO3, Cs2CO3, KO#-Bu, NEt; & DBU (Table 3.1,
entries 13-17). Also, it was observed that in the absence of a base the yield of the product (3a)
got decreased up to 27% yield (Table 3.1, entry 18). Further, toluene was replaced by various
solvents like 1,4-dioxane, CH3;CN, DMF, DMSO, and THF, however, 1,4-dioxane was found
as the best solvent (Table 3.1, entry 19) & (Table 3.1, entries 20-23). Besides, there was no
improvement in the outcome of the model reaction observed while adding different additives
like AgOAc & CsOAc (Table 3.1, entries 24-25). Moreover, temperature variation
significantly affected the outcome of the model reaction. In particular, decreasing the
temperature from 80 °C to 60 °C increases the yield of (3a) up to 71% (Table 3.1, entry 26).
Then, the yield of (3a) was reduced by further decreasing the temperature up to 50 °C (Table
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3.1, entry 27). The reaction was almost diminished below 50 °C and the product was observed
only in trace amount at 40 °C (Table 3.1, entries 28-29). Subsequently, increasing the
equivalents of water slightly decreased the yield up to 60% (Table 3.1, entry 30). Noticeably,
in the absence of water, only 20% yield of product (3a) was observed, which suggests the
requirement of water in an equimolar amount in this transformation (Table 3.1, entry 31).
Also, the molar ratio of substrates was varied, however, 1:3.2:1 of 3-diazo oxindole, tert-butyl

isocyanide, and water respectively remained the best ratio (Table 3.1, entries 32-35).

Table 3.1. Optimization of the reaction conditions®

o -
N2 o o Pd(PPh3), (10 mol%) { NH
.C Na,CO; (1.2 eq.
©:\‘1$:O +\\(N T O Toluine,ss(o °C,q3)h ' k
H X
S
N
(1a) (2a) (3a)
entry deviation from standard conditions yield® (%)
1. No deviation 30
2. Cu(OACc)instead of Pd(PPhs)4 -
3. Rh2(OAC)s instead of Pd(PPhs)s -
4, Pd(OACc); instead of Pd(PPhs)4 56
5. Pd(TFA); instead of Pd(PPhs)4 38
6. Pd(OPiv); instead of Pd(PPhs)s 31
7. PdCl; instead of Pd(PPhs)a 44
8. PdCI>(NCC¢Hs) instead of Pd(PPhs)a 37
9. Pd(DPPF)CI; instead of Pd(PPhs)4 41
10. Pd(dba)s instead of Pd(PPhs)a 32
11. Pd(OAC), (5 mol% instead of 10 mol%). 48
12, No catalyst -
13. Cs,COsinstead of Na2COs 51
14, K2COsinstead of Na2COs 59
15. KOt-Bu instead of Na,CO3 35
16. NEt; instead of Na,COs 43
17. DBU instead of Na2COs3 39
18. In absence of base 27
19. 1,4-dioxane instead of toluene 64
20. CH3CN instead of toluene 53
21, DMF instead of toluene 57
22, DMSO instead of toluene 54
23. THF instead of toluene 50
24, Added AgOAC as an additive 58
25. Added CsOAc as an additive 63
26. 60 °C 71
27. 50 °C 36
28. 40 °C trace

29. rt -
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30. 2 equiv. of H,O 60
31 No H:0 20
32. tert-butyl isocyanide (1.5 equiv.) 31
33. tert-butyl isocyanide (2.0 equiv.) 43
34. tert-butyl isocyanide (3.5 equiv.) 62
35. tert-butyl isocyanide (4.0 equiv.) 60

aReaction conditions: 3-diazo oxindole 1a (1.0 equiv., 0.31 mmol, 50 mg), tert-butyl isocyanide 2a (3.2 equiv., 113 pL, 0.99
mmol), H20 (1.0 equiv., 5.6 pL), Pd-catalyst (10 mol%), base (1.2 equiv.), solvent (2 ml), 3 h. Pisolated yield.

3.2.2: Substrate Scope

After having optimized reaction conditions in hands, we have evaluated the feasibility of the
reaction with different isocyanides as well as 3-diazo oxindole as revealed in Scheme 3.3.
Firstly, we have replaced tert-butyl isocyanide with 1,1,3,3-tetramethyl butyl isocyanide or
cyclohexyl isocyanide, as a result, corresponding products (3b & 3¢) were obtained in slightly
lower yield in comparison of the product (3a) (Scheme 3.3). These results represent the
structural role of isocyanides as the steric hindrance increases, the yield of the reaction
decreases. Also, we have tried reactions with other isocyanides like p-methoxy phenyl
isocyanide and p-toluene sulphonyl methyl-isocyanide, however, no product formation was
observed with these substrates. Next, we have examined the effect of various electron-donating,
electron-withdrawing, and halide substituents at different positions of 3-diazo oxindole.
Initially, a range of electron-donating groups at different positions of the phenyl ring of 3-diazo
oxindole was tested. Noticeably, in the case of 5-OMe substituted 3-diazo oxindole, the reaction
provided products (3d) and (3e) in 76% and 68% yields respectively whereas the reaction
provided moderate to a good yield of desired products when 5-CHj3 substituted 3-diazo
oxindole was employed with zert-butyl isocyanide, 1,1,3,3-tetramethyl butyl isocyanide, and
cyclohexyl isocyanide respectively (3f-h, Scheme 3.3). Also, 6-OMe substituted 3-diazo
oxindole provided products (3i) and (3j) in slightly lower yield i.e., 59 and 53% (Scheme 3.3).
It should be noticed that the reaction diminished when the electron-donating group i.e. -CH3
incorporated at the 7-position of 3-diazo oxindole and it might be due to hindrance

enhancement near the fringe where the reaction occurred (3k, Scheme 3.3).
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Scheme 3.3. The substrate scopes of Pd-catalyzed multicomponent cascade reaction

This abatement of yield indicated the significance of the electronic and steric effect of the

substituent at different positions of 3-diazo oxindole. Next, the electron-withdrawing groups
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1.e., 5-nitro & 5-OCF; substituted 3-diazo oxindole implemented in the reaction and attained
the product (31 &3m) in 56 % and 37% isolated yield (Scheme 3.3) which was slightly lower
in comparison to 3-diazo oxindole having an electron-donating group at the same position.
However, there was no product formation observed when 7-CF3 contained 3-diazo oxindole
employed in the reaction (3n, Scheme 3.3). Afterward, we examined the effect of halides at
different positions of 3-diazo oxindoles and found that in the case of 4-Cl and 4-Br substitutions
reaction almost diminished (30-3p, Scheme 3.3). Next, 5-F substituted 3-diazo oxindole
provides product (3q) in a lower yield as compared to 3-diazo oxindole having electron-
withdrawing and -donating groups. Next, 5-Cl and 5-Br substituted 3-diazo oxindole was
employed in the reaction, and obtained the corresponding products (3r-3u) in the lower yields
i.e., 46 to 54% as compared to electron-donating and electron-withdrawing substitutions at 3-
diazo oxindole. However, the reaction provided product in moderate yield when 6-Cl
substituted 3-diazo oxindole was used in the reaction (3v, Scheme 3.3). Again, halide
substitution at the 7-position of 3-diazo oxindole didn’t work (3w, Scheme 3.3).

3.2.3: Hammet Study

Besides, a Hammet study was performed to get further information about the effect of

substituents on the rate of the reaction.'

0, % Q %
Ne N, PA(OAG), (10 mol% NH N
H X 2 1) (OAc); (10 mol%) X
o) o e |97, KOy (12 cquiv) N\ Mo
N N \*/ 20 4-dioxane, 60°C,3h N ¢ + N T k
H H )/A\N )/)\N
1a 1a' 2a N>L N>L

X = OMe, Me,Cl, NO,.
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2Reaction conditions: 3-diazo oxindole 1a (1.0 equiv., 0.31 mmol), substituted 3-diazo oxindole 1a' (1.0 equiv., 0.31 mmol),
tert-butyl isocyanide 2a (3.2 equiv., 0.99 mmol), H20 (1.0 equiv.), Pd(OAc)2 (10 mol%), K2COs (1.2 equiv.), 1,4-dioxane (2
mL), 3 h, 60 °C.
Scheme 3.4: Hammett plot for the reaction of isocyanide with electronically varied 3-diazo oxindole?
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In this view, 3-diazo oxindole having substituents like 5- OMe, 5-Me, 5-Cl & and 5-NO; along
with unsubstituted 3-diazo oxindole were employed in the multicomponent reaction (Scheme
3.4). The best linear fit (R?> = 0.91) was achieved using the standard o, parameters vs log kx/ku,
providing a p value (slope value) of -0.28. The value of p is less than 1, which indicates that a
positive charge is built up during the rate-determining (slope value) of -0.28. The value of p is
less than 1, which indicates that a positive charge is built up during the rate-determining step.
Also, the positive slope value suggests that the rate of reaction accedes in the presence of the
electron-donating group.

3.2.4: Plausible mechanism and DFT calculations

Next, we have presented a plausible mechanism for the synthesis of tricyclic oxazolo [3,2-a]
indole scaffolds as shown in Figure 3.2."° Initially, zert-butyl isocyanide reacts with Pd(OAc)>
to generate complex (I).!% 164 Then, tert-butyl isocyanide acts as a neutral ligand in complex
(I), and palladium remains in its divalent oxidation state. The complex (I) was then linked with
the 3-diazo oxindole (1a) substrate to generate the square planer complex (II) that serves as
our starting complex. In this context, Figure 3.2 shows the overall mechanism's steps, and
Figure 3.3(a) displays the associated DFT-computed potential free energy profile in relation to
the energies of the initial complex (I+1a). Further, Figure 3.3(b) depicted optimized transition
states computed at B3LYP/ 6-31+G(d, p) level of theory.

Further, the elimination of N from complex (II) took place and generated Pd-carbene complex
(ITT) via TS1 (Figure 3.3(b)) with the free energy of activation AG*=29.2 kcal mol™'. The next
step is the migration of isocyanide into the Pd-carbene complex through the three-membered
ring transition state, TS2 (Figure 3.3(b)), which has a 21.5 kcal mol™! activation free energy
and produces the Pd-ketenimine complex (IV), which readily releases Pd(OAc); to form a
highly unstable ketenimine intermediate (V). Furthermore, H>O is connected to the central
electrophilic carbon of ketenimine intermediate (V) with simultaneous proton transfer to the
nitrogen of the isocyanide unit via TS3 (Figure 3.3(b)) with AG*= 13.3 kcal mol™! to form the
intermediate VI, which is stabilized by -37.2 kcal mol™! from TS3 (Figure 3.3(b)). After that,
the tautomerization step takes place via proton transfer to C-3 carbon of VI from the OH group
to form amide intermediate (N-(tert-butyl)-2-oxoindoline-3-carboxamide) 4, through TS4
(Figure 3.3(b)) with a barrier of 40.3 kcal mol™!.!74® Afterward, N-(tert-butyl)- 2-oxoindoline-
3-carboxamide (4) interacts with palladium acetate to form six-membered complex VII which
releases the proton from the C-3 position and acetate group from the palladium catalyst as

acetic acid to form complex VIII via transition state TS5 (Figure 3.3(b)) with AG*= 14.6 kcal

74



Chapter 3

mol!. During this step, the oxidation state of Pd remains unchanged which is further

coordinated with second fert-butyl isocyanide to form a highly stabilized (-80.0 kcal mol ™)

AcO_ OAc /\\ AcQ J< J<
( ~ N/ LOAc HN
+ N ‘ " OAC M, /\u
N, N Po AN >4N P
HN _T»

HNJ< HN HN

HNJ< J<
HN
ng(? / [TSS] H o Pd(OAC), H
) < < -
HN Pd—OAc HN O/Pd’OAC HN AcOH : o
HN 0

O HN \O,,P\d/OAC
N \\ + !

< P

X IX Vil Vil 4

-AcOH

L 3/

3a Xvil XVI XV

Figure 3.2. The plausible mechanism for Pd-catalyzed multicomponent cascade reaction

tetravalent Pd-containing intermediate IX. Then, the amidic C=0 group at the C2-position gets
activated and an isocyanide unit is inserted into Pd-O bond to form a seven-membered complex
X which readily converted to a five-membered palladacyclic intermediate complex XI having
energy of 22.3 kcal mol™! higher than the complex X. Next, third tert-butyl isocyanide proceeds
to linked to the Pd atom of complex (XI) to form a stable tetravalent complex XII. Again, this
isocyanide is inserted into Pd-C bond and regains its six-membered intermediate to form
intermediate XIII, having higher energy of 8.6 kcal mol™! from complex XII. The acetate group
present at palladacyclic intermediate (XIII) abstracts the N-H proton via the transition state,
TS6 (Figure 3.3(b)), which is located at the point of -35.8 kcal mol! in the PES and form
another complex XIV which possesses 44.6 kcal mol™! less energy from the starting complex.
Afterward, complex XIV releases AcOH and forms another complex XV having slightly higher
energy (3.8 kcal mol ™) than complex XIII. In the last, C-N bond formation takes place via the
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transition state, TS7 (Figure 3.3(b)), having AG* = 19.4 kcal mol! from complex XV and

formed complex XVI. Afterward, reductive elimination of palladium occurs in the form of

palladium acetate to give the final product (3a) through the intermediate XVII
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Figure 3.3. (a) The potential energy profiles computed at M06/6-31++G(2d, 2p)/ B3LYP/ 6-31+G(d, p level of

theory related to the plausible mechanism represented in Figure 3.2. (b) Optimized transition states computed at

B3LYP/ 6-31+G(d, p) level of theory.
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3.2.5: Control experiments

In the last, several control studies were carried out to confirm the role of amide in this synthesis.
We set up a reaction using tert-butyl 3-diazo-2-oxoindoline-1-carboxylate (1p) with tert-butyl
isocyanide under standard reaction conditions (Scheme 3.5-i) and got the product N-(tert-
butyl)-2-oxoindoline-3-carboxamide (4) in 78% yield. In continuation, we performed a
reaction of N-(tert-butyl)-2-oxoindoline-3-carboxamide (4) with tert-butyl isocyanide under
the same reaction conditions. Delightedly, we got the desired product (3a) in good yield
(Scheme 3.5-ii) which confirms the formation of N-(tert-butyl)-2-oxoindoline-3-carboxamide
(4) as an intermediate in this transformation. To further confirm the role of in-situ generated
amide, we have tried the reaction with three different oxindole derivatives such as ethyl 2-
oxoindoline-3-carboxylate (5), indolin-2-one (6), and 3-hydroxy-3-(2-oxopropyl)indolin-2-
one (7). Surprisingly there was no reaction with these substrates {Scheme 3.5 (iii-v)}. So, these
control experiments suggest that the amide group at the C-3 position of oxindole is required to
assist the reaction for further steps.®!® Next, we have tried reaction with D>O in place of HO
and product formation was confirmed with HRMS analysis. HRMS data of crude reaction
mixture showed a peak at 398.2648, equivalent to deuterated amide-based product. Hence, this
experiment suggests the participation of H>O molecules in the formation of amide {Scheme

3.5 (vi)}.

Pd(OAc), (10 mol%) NH
O + N-EC_ K2003 (1 2 equlv) .
N - H,0 (1 equiv.) o
\ 1,4- Dioxane, 60 °C,3 h N

1p 2a 4,78%

NH
Pd(OAc), (10 mol%)
>g to- _ KOs (12equiv) A o
1,4- Dioxane, 60 °C, 2 h N)A\ k
N
N
4 2a 3a, 56%

(iii)

Pd(OAc), (10 mol%)
KoCO;(12€0.) ,  No reaction
NEC H,0 (1 equiv.)
1,4- Dioxane, 60 °C, 3 h
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Pd(OAc), (10 mol%)

t - K2C~O3 (12 eq) - .
©\/’\>:o + >LN_C H,0 (1 equiv.) No reaction
H

1,4- Dioxane, 60 °C, 3 h

iv)

6 2a
CHj,
v) .
o o Pd(OAc), (10 mol%)
. NEC KoCOs5 (1.2 ?q-) » No reaction
(e} = H,O (1 equiv.)
H 1,4- Dioxane, 60 °C, 3 h
7 2a

Pd(OAc), (10 mol%) ND
O + NEC K,CO3 (1.2 .equiv_) . \
N - D,0 (4 equiv.) \ o k
\ B . o «
H 1,4- Dioxane, 60 °C, 3 h '\?/AN

1a 2a
m/z=398.2648 [M+H]*
detected by HRMS
+ 3a

m/z=397.2597 [M+H]*
\ detected by HRMS )

Reaction conditions for (i) to (v): Substrate; 1p/4/5/6 or 7 (1equiv.), isocyanides (2) (3.2 equiv.), H20 (1.0 equiv.), Pd(OAc)2
(10 mol%), KoCOs (1.2 equiv.), 1,4-dioxane (2 mL), 3 h, 60°C. (vi) 1a (1equiv.), isocyanides (2) (3.2 equiv.), D20 (4.0 equiv.),
Pd(OAc)2 (10 mol%), K2COs (1.2 equiv.), 1,4-dioxane (2 mL), 3 h, 60°C.

Scheme 3.5. Control experiments

3.3: Experimental section:

3.3.1: General procedure to synthesize (2Z,3E)-N-(tert-butyl)-2,3-bis(tert-butylimino)-2,3-
dihydrooxazolo[3,2-a]indole-9-carboxamide (3a-3q)

In a glass tube equipped with a stirrer bar added 3-diazo oxindole (1.0 equiv., 50 mg, 0.31
mmol), H20 (1.0 equiv., 5.6 pL, 0.31 mmol), Pd(OAc)2 (10 mol%, 7 mg), K2COs (1.5 equiv.,
65 mg, 0.47 mmol) and 2 mL of 1,4-dioxane as a solvent. Then, the resulting reaction mixture
was allowed to be stirred at 60 °C in a preheated oil bath and added tert-butyl isocyanide (3.2
equiv., 116 pL, 0.99 mmol) slowly with the help of a syringe. After completion of the reaction
as indicated by TLC, work-up of the reaction mixture was done using ethyl acetate and distilled
water in a 2:1 ratio followed by the evaporation of volatiles under reduced pressure. Next, the
crude mixture was purified by column chromatography using ethyl acetate in hexane as eluents
affording the corresponding (2Z,3E)-N-(tert-butyl)-2,3-bis(tert-butylimino)-2,3-
dihydrooxazolo[3,2-a]indole-9 carboxamide (3a-3w) in 37- 76 % vyields.
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3.3.2: General method for the synthesis of 3-diazo oxindoles (1a-1p)"-2

A mixture of isatin (1.0 equiv., 1g, 6.80mmol) and para-tosyl hydrazones (1.1 equiv., 1.39 gm,
7.48 mmol) were added in methanol as solvent (~ 20 mL) at 60 °C and stirred the resulting
mixture for 5 to 6 h, a highly yellow colored solid 3-(2-(p-tolyl) hydrazono) indolin-2-one
intermediates was filtered. The filtered solid and NaOH (2.0 equiv., 13.6mmol) were dissolved
in a mixture of THF and water in a ratio of 1:2 and stirred the mixture at room temperature for
5 h. Upon complete conversion of the starting materials, work-up of the reaction with ethyl
acetate and distilled water in a 2:1 ratio was done and the volatiles were removed using a high
vacuum. The 3-diazo oxindole (83%, 900 mg) was obtained as an orange-red solid and used
for the next step without further purification. (Substrates 5 and 7 were synthesized using

previously reported methods)*' -

0 NNHTs N,
TsNHNH, (1.1 equiv. i
©j€:o 2 ( q =) ©j‘s:0 NaOH (2equ|v.)= CE&O
N MeOH, 60 °C, 6h N THF: Water (1:2) N
H H tt, 5h H
A B C

Scheme 3.6: Synthesis of 3-diazo oxindole

3.3.3: Computational details

All of the structures in the study were optimized using the DFT-B3LYP** method with the 6-
31+G(d,p)** basis set for all atoms except for Pd, which uses the SDD method with its own
electrostatic potential?®>. The optimization has been conducted in presence of solvent 1,4-
Dioxane using solvation model density (SMD) approximation®. At the same level of theory,
frequency studies were also done to make sure that the stationary points were either local
minimums (with no imaginary frequencies) or transition states (with one imaginary frequency).
Further energy refinement was also done using single-point calculations on the optimized
geometries at the Minnesota density functional M06%7 with a larger basis set 6-31++G(2d,2p)*®
for all non-metal atoms. The previous level's basis for Pd and solvent corrections was
maintained. The solvated Gibbs free energy, which was utilized for discussion, was determined
by adding thermal correction to the Gibbs energy with the single-point electronic energy. The
visualization and results analysis were carried out by using Chemcraft visualization Software.?’

All the DFT calculations were performed using Gaussian 16 program.*’
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3.3.4: Characterization data

'"H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCl:) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-2,3-dihydrooxazolo[3,2-a]indole-9-carboxamide (3a)
Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3a; yellow solid,
yield = 71% (88 mg, 0.223mmol), 'H NMR (400 MHz, CDCl;): 8.20 (d, J= 7.2 Hz, 1H), 7.89
(d, /= 7.6 Hz, 1H), 7.27-7.18 (m, 2H), 5.70 (s, 1H), 1.52 (s, 9H), 1.50 (s, 9H), 1.47 (s, 9H)
ppm. BC{!H} NMR (100 MHz, CDCl5): § 162.3, 148.8, 136.5, 133.0, 128.9, 127.4, 124.2,
123.1, 121.9, 112.6, 87.8, 57.6, 55.9, 51.4, 30.0, 29.5, 29.4 ppm. HRMS (ESI-TOF) m/z: [M +
H]" calcd. for C23H33N402 397.2604; found 397.2601.

'"H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCl;3) spectra of (2Z,3E)-N-
(2,4,4-trimethylpentan-2-yl)-2,3-bis((2,4,4-trimethylpentan-2-yl)imino)-2,3-
dihydrooxazolo[3,2-a]indole-9-carboxamide (3b)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3b; Yellow solid,
yield = 57% (101mg, 0.179mmol), 'H NMR (400 MHz, CDCls): 8.24 (d, J= 8 Hz, 1H), 7.94
(d, /=8 Hz, 1H), 7.28-7.19 (m, 2H), 5.62 (s, 1H), 2.01 (s, 2H), 1.92 (s, 4H), 1.58 (s, 6H), 1.55
(s, 6H), 1.51 (s, 6H), 1.03 (s, 9H), 1.00 (s, 9H), 1.00 (s, 9H) ppm. *C{'H} NMR (100 MHz,
CDCl3): 0 162.3,148.4,136.2,131.8,129.0, 127.5,124.2,123.1, 122.1, 112.5,87.7, 61.4, 60.0,
55.3, 54.3, 54.1, 51.1, 32.2, 32.1, 32.0, 31.9, 31.7, 31.6, 31.0, 30.3, 30.2 ppm. HRMS (ESI-
TOF) m/z: [M + H]" caled. for C3sHs7N4O2 565.4487; found 565.4487.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
cyclohexyl-2,3-bis(cyclohexylimino)-2,3-dihydrooxazolo[3,2-a]indole-9-carboxamide (3¢)
Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3c; Yellow solid,
yield = 60% (89mg, 0.188mmol), '"H NMR (400 MHz, CDCls): 8.11 (d, J= 8.0 Hz, 1H), 7.87
(d, J= 8.0 Hz, 1H), 7.27-7.19 (m, 2H), 5.78 (d, J= 8.0 Hz, 1H), 4.78-4.71 (m, 1H), 4.09-3.97
(m, 2H), 2.00-1.26 (m, 30H) ppm. *C{'H} NMR (100 MHz, CDCl3): § 160.7, 148.1, 138.2,
133.3, 127.6, 126.1, 123.1, 122.1, 120.5, 111.6, 86.7, 56.3, 55.3, 46.2, 32.9, 32.1, 32.0, 24.8,
24.7, 24.6, 23.4, 23.3, 22.7 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C29H39N4O>
475.3069; found 475.3073.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-7-methoxy-2,3-dihydrooxazolo[3,2-a]indole-9-

carboxamide (3d)
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Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3d; Yellow solid,
yield = 76% (86mg, 0.201mmol), '"H NMR (400 MHz, CDCl5): § 7.77 (d, J= 2.4 Hz, 1H), 7.74
(s, 1H), 6.80 (dd, /= 8.8, 2.8 Hz, 1H), 5.70 (s, 1H), 3.86 (s, 3H), 1.50 (s, 9H), 1.49 (s, 9H), 1.46
(s, 9H) ppm. BC{'H} NMR (100 MHz, CDCl5): § 162.6, 157.1, 149.2, 136.4, 132.8, 130.0,
121.8,113.3,112.2,104.5, 87.8,57.6, 55.8, 51.4, 30.0, 29.5, 29.4 ppm. HRMS (ESI-TOF) m/z:
[M + H]" caled. for C24H35N403 427.2709; found 427.2712.

'"H NMR (400 MHz, CDCls3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
cyclohexyl-2,3-bis(cyclohexylimino)-7-methoxy-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3e)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3e; Yellow solid,
yield = 68% (137 mg, 0.272mmol), '"H NMR (400 MHz, CDCls): 7.75-7.73 (m, 2H), 6.81 (dd,
J= 84,24 Hz, 1H), 5.74 (d, J= 8.0 Hz, 1H), 4.76-4.69 (m, 1H), 3.86 (s, 3H), 2.00-1.27 (m,
30H) ppm. PC{'H} NMR (100 MHz, CDCls): § 162.0, 157.1, 149.4, 139.2, 134.3, 130.0,
121.7, 113.5, 112.1, 104.7, 87.7, 57.4, 56.4, 55.7, 47.3, 34.0, 33.2, 33.1, 29.8, 25.85, 25.77,
25.72,24.5,24.4,23.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" caled. for C30H41N4O3 505.3179;
found 505.3179.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-7-methyl-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3f)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3f; Yellow solid,
yield = 73% (86.5 mg, 0.211mmol), 'H NMR (400 MHz, CDCl;): 8.04 (s,1H), 7.75 (d, J= 8.0
Hz, 1H), 7.01 (dd, J= 1.2, 8.4 Hz, 1H), 5.69 (s, 1H), 2.41 (s, 3H), 1.51 (s, 9H), 1.49 (s, 9H),
1.46 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCls): § 162.6, 148.9, 136.6, 133.9, 132.9,
129.0, 125.6, 124.2, 122.1, 112.2, 87.6, 57.6, 55.8, 51.4, 30.0, 29.5, 29.3, 21.8 ppm. HRMS
(ESI-TOF) m/z: [M + H]" caled. for C24H35N402 411.2760; found 411.2755.

'"H NMR (400 MHz, CDCl3) and B*C{'H} NMR (100 MHz, CDCI:3) spectra of (2Z,3E)-7-
methyl-N-(2,4,4-trimethylpentan-2-yl)-2,3-bis((2,4,4-trimethylpentan-2-yl)imino)-2,3-
dihydrooxazolo[3,2-a]indole-9-carboxamide (3g)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3g; Yellow solid,
yield = 65% (108mg, 0.188mmol), '"H NMR (400 MHz, CDCls): 8.08 (s, 1H), 7.80 (d, J= 8.0
Hz, 1H), 7.02 (dd, J= 8.0 Hz, 1.2 Hz, 1H), 5.61 (s, 1H), 2.42 (s, 3H), 2.00 (s, 2H), 1.92 (s, 2H),
1.91 (s, 2H), 1.57 (s, 6H), 1.54 (s, 6H), 1.51 (s, 6H), 1.02 (s, 9H), 1.00 (s, 9H), 0.99 (s, 9H)
ppm. *C{'H} NMR (100 MHz, CDCls): § 162.5, 148.6, 136.3, 133.9, 131.7, 129.2, 125.6,
124.2,122.2,112.1, 87.4, 61.4, 59.9, 55.3, 54.4, 54.1, 51.0, 32.2, 32.1, 32.0, 31.9, 31.7, 31.6,
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31.0, 30.3, 30.1, 29.8, 21.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for C3sHsoN4O>
579.4638; found 579.4632.

'"H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCl:) spectra of (2Z,3E)-N-
cyclohexyl-2,3-bis(cyclohexylimino)-7-methyl-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3h)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3h; Yellow solid,
yield = 63% (88.8mg, 0.182mmol), 'H NMR (400 MHz, CDCls): 7.95 (s, 1H), 7.73 (d, 1H),
7.03 (dd, J= 8.4, 1.2 Hz, 1H), 5.75 (d, J= 7.6 Hz, 1H), 4.77-4.71 (m, 1H), 4.08-3.96 (m, 2H),
2.43 (s, 3H), 1.82-1.24 (m, 30H) ppm. *C{'H} NMR (100 MHz, CDCl3): § 160.8, 148.1,
138.3, 133.3, 132.8, 127.8, 124.3, 123.2, 120.8, 111.3, 86.4, 56.3, 55.3, 46.2, 32.9, 32.1, 32.0,
28.6, 24.74, 24.67, 24.6, 23.4, 23.3, 22.7, 20.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" caled.
for C30H41N40O2 489.3230; found 489.3224.

'H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-6-methoxy-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3i)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3i; Yellow solid,
yield = 59% (66.5mg, 0.156mmol), 'H NMR (400 MHz, CDCl3): & 8.06 (d, J= 8.8 Hz, 1H),
7.49 (d, J=2.4 Hz, 1H), 6.86 (dd, J= 8.8 Hz, 2.4 Hz, 1H), 5.67 (s, 1H), 3.83 (s, 3H), 1.51 (s,
9H), 1.49 (s, 9H), 1.46 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCls): § 162.4, 156.7, 147.9,
136.8, 133.1, 128.1, 122.5, 122.4, 111.6, 98.2, 87.7, 57.5, 55.9, 55.7, 51.3, 30.0, 29.5, 29.4
ppm. HRMS (ESI-TOF) m/z: [M + H]" calced. for C24H3sN4O3 427.2709; found 427.2714.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
cyclohexyl-2,3-bis(cyclohexylimino)-6-methoxy-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3j)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3j; Yellow solid,
yield = 53% (70mg, 0.140mmol), 'H NMR (400 MHz, CDCI3): § 8.00 (d, J= 8.0 Hz, 1H), 7.45
(d, J=2.4 Hz, 1H), 6.88 (dd, J= 8.8 Hz, 2.4 Hz), 4.77-4.71 (m, 1H), 4.08-3.95 (m, 1H), 3.85
(s, 3H), 2.00-1.24 (m, 30H) ppm. *C{'H} NMR (100 MHz, CDCl3): § 170.8, 161.9, 156.9,
148.2, 139.5, 134.5, 128.0, 122.3, 122.2, 111.7, 98.3, 87.6, 57.3, 56.4, 55.8, 47.3, 34.0, 33.2,
29.8,25.9,25.8,25.7,24.5,24.4, 23.8, 23.1 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C30H40N403 505.3179; found 505.3177.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-7-nitro-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (31)
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Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 31; Yellow solid,
yield = 56% (60.5mg, 0.137mmol), 'H NMR (400 MHz, CDCl3): 6 9.15 (d, J= 2.0 Hz, 1H),
8.13 (td, J= 8.8, 2.0 Hz, 1H), 7.96 (d, J= 8.8 Hz, 1H), 5.68 (s, 1H), 1.53 (s, 9H), 1.51 (s, 9H),
1.47 (s, 9H) ppm. BC{'H} NMR (100 MHz, CDCl3): & 161.2, 149.7, 144.8, 135.0, 132.3,
130.3, 129.2, 119.0, 118.5, 112.4, 88.7, 58.2, 56.6, 51.7, 30.0, 29.34, 29.27, 28.8 ppm. HRMS
(ESI-TOF) m/z: [M + H]" caled. for C23H32N504442.2454; found 442.2463.

'TH NMR (700 MHz, CDCls), BC{'H} NMR (175 MHz, CDCl3) and “F{'H} NMR (376
MHz, CDCl) spectra of  (2Z,3E)-N-(tert-butyl)-2,3-bis(tert-butylimino)-7-
(trifluoromethoxy)-2,3-dihydrooxazolo[3,2-a]indole-9-carboxamide (3m)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3m; Yellow solid,
yield = 37% (36.5mg, 0.076mmol), '"H NMR (700 MHz, CDCls): 8.17 (d, J= 1.4 Hz, 1H), 7.91
(d, J/=9.1 Hz, 1H), 7.11 (dd, J= 8.4, 1.4 Hz, 1H), 5.70 (s, 1H), 1.55 (s, 9H), 1.54 (s, 9H), 1.50
(s, 9H) ppm. *C{'H} NMR (175 MHz, CDCl;): § 161.8, 149.4, 145.97, 145.96, 135.7, 132.5,
129.9, 125.6, 121.37, 119.91, 116.7, 115.1, 113.1, 88.0, 57.8, 56.0, 51.4, 29.9, 29.3, 29.2 ppm.
YF{TH} NMR (376 MHz, CDCls): -57.86 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C24H32F3N403 481.2427; found 481.2430.

'H NMR (700 MHz, CDCls), BC{'H} NMR (175 MHz, CDCl3) and “F{'H} NMR (376
MHz, CDCI3) spectra of (2Z,3E)-N-(tert-butyl)-2,3-bis(tert-butylimino)-7-fluoro-2,3-
dihydrooxazolo[3,2-a]indole-9-carboxamide (3q)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3q; Yellow solid,
yield = 41% (48mg, 0.116mmol), 'H NMR (700 MHz, CDCls): § 7.96 (dd, J= 9.8 Hz, 2.8 Hz,
1H), 7.84 (q, J=4.2 Hz, 1H), 6.95 (td, J= 8.4 Hz, 2.1 Hz, 1H), 5.69 (s, 1H), 1.55 (s, 9H), 1.53
(s, 9H), 1.50 (s, 9H) ppm. *C{'H} NMR (175 MHz, CDCl3): § 162.0, 160.9, 159.5, 149.4,
135.9, 132.6, 130.2, 130.1, 123.7, 113.3, 113.2, 110.6, 110.5, 108.6, 108.4, 87.9, 57.7, 56.0,
51.4,29.9,29.4,29.3 ppm. ’F{'H} NMR (376 MHz, CDCl5): -117.66 ppm. HRMS (ESI-TOF)
m/z: [M + H]" caled. for C23H3,FN4O2 415.2509; found 415.2513.

'"H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-7-chloro-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3r)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3r; Yellow solid,
yield = 54% (60mg, 0.140mmol), '"H NMR (400 MHz, CDCl3): 8.25 (d, J= 2.0 Hz, 1H), 7.78
(d, J/=8.0 Hz, 1H), 7.16 (dd, J= 2.0, 8.0 Hz, 1H), 5.66 (s, 1H), 1.51 (s, 9H), 1.50 (s, 9H), 1.46
(s, 9H) ppm. BC{'H} NMR (100 MHz, CDCl3): § 161.9, 149.2, 135.9, 132.6, 130.2, 130.0,
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125.7,123.3,121.9,113.4,87.6,57.8, 56.1, 51.5, 30.0, 29.4, 29.3 ppm. HRMS (ESI-TOF) m/z:
[M + H]" caled. for C23H32CIN4O2 431.2214; found 431.2212.

'"H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCI3) spectra of (2Z,3E)-7-
chloro-N-(2,4,4-trimethylpentan-2-yl)-2,3-bis((2,4,4-trimethylpentan-2-yl)imino)-2,3-
dihydrooxazolo|3,2-a]indole-9-carboxamide (3s)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3s; Yellow solid,
yield = 46% (71mg, 0.119mmol), '"H NMR (400 MHz, CDCls): § 8.28 (d, J= 4.0 Hz, 1H), &
7.83 (d, J= 8.4 Hz, 1H), 7.18 (dd, J= 8.4, 2.0 Hz, 1H), 5.58 (s, 1H), 1.99 (s, 2H), 1.91 (s, 4H),
1.57 (s, 6H), 1.54 (s, 6H), 1.50 (s, 6H), 1.02 (s, 9H), 1.00 (s, 9H), 0.99 (s, 9H) ppm. *C{'H}
NMR (100 MHz, CDCls): 6 161.8, 148.9, 135.5, 131.4, 130.3, 129.9, 125.7, 123.4, 122.0,
113.3, 87.5,61.6, 60.2, 55.4, 54.3, 54.1, 51.0, 32.14, 32.09, 32.05, 31.9, 31.7, 31.6, 31.0, 30.2,
30.1 ppm. HRMS (ESI-TOF) m/z: [M + H]" caled. for C3sHssCIN4O> 599.4092; found
599.4091.

'H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCI) spectra of (2Z,3E)-7-
bromo-N-(tert-butyl)-2,3-bis(tert-butylimino)-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3t)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3t; Yellow solid,
yield = 51% (51mg, 0.107mmol), 'H NMR (400 MHz, CDCls): 8.41 (d, J= 2.0 Hz, 1H), 7.73
(d, J= 8.0 Hz, 1H), 7.30 (dd, J= 2.0, 8.0 Hz, 2H), 5.66 (s, 1H), 1.51 (s, 9H), 1.50 (s, 9H), 1.46
(s, 9H) ppm. PC{'H} NMR (100 MHz, CDCl3): § 161.9, 149.1, 135.8, 132.6, 130.6, 126.1,
126.0, 124.8, 117.7, 113.8, 87.4, 57.8, 56.1, 51.5, 30.0, 29.4, 29.3 ppm. HRMS (ESI-TOF)
m/z: [M + H]" calcd. for C23H3:BrN4O2 475.1709; found 475.17009.

'"H NMR (400 MHz, CDCl3) and 3C{'H} NMR (100 MHz, CDCls) spectra of (2Z,3E)-7-
bromo-N-cyclohexyl-2,3-bis(cyclohexylimino)-2,3-dihydrooxazolo[3,2-a]indole-9-
carboxamide (3u)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3u; Yellow solid,
yield = 48% (56mg, 0.101mmol), 'H NMR (400 MHz, CDCls): § 8.32 (d, J=2.0 Hz, 1H), 7.71
(d, /= 8.4 Hz, 1H), 7.31 (dd, J= 8.4 Hz, 2.0 Hz, 1H), 5.71 (d, J= 7.6 Hz, 1H), 4.76-4.70 (m,
1H), 4.08-3.96 (m, 1H), 2.00-1.24 (m, 30H) ppm. *C{'H} NMR (100 MHz, CDCl5): § 161.3,
149.3,138.7, 134.1, 130.5, 126.1, 125.8, 124.7, 117.7, 114.0, 87.4, 57.6, 56.6, 47.5, 33.9, 33.2,
33.1,29.8, 25.81, 25.76, 25.7, 24.5, 24.4, 23.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd.
for C29H33BrN4O> 553.2178; found 553.2180.
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'H NMR (700 MHz, CDCl3) and BC{'H} NMR (175 MHz, CDCl:3) spectra of (2Z,3E)-N-
(tert-butyl)-2,3-bis(tert-butylimino)-6-chloro-2,3-dihydrooxazolo|3,2-a]indole-9-
carboxamide (3v)

Purification by column chromatography (EtOAc: Hexane v/v 1:19) afforded 3v; Yellow solid,
yield = 50% (56mg, 0.129mmol), '"H NMR (700 MHz, CDCl5): § 8.17 (d, J= 8.4 Hz, 1H), 7.90
(d, J/=2.1 Hz, 1H), 7.26 (dd, J= 8.4, 1.4 Hz, 1H), 5.71 (s, 1H), 1.55 (s, 9H), 1.53 (s, 9H), 1.50
(s, 9H) ppm. C{!H} NMR (175 MHz, CDCl3): § 161.9, 148.6, 135.9, 132.5, 128.7, 124.50,
122.8, 112.1, 87.8, 57.8, 56.1, 51.4, 29.9, 29.3, 29.2 ppm. HRMS (ESI-TOF) m/z: [M + H]"
calcd. for C23H33N402 431.2213; found 431.2214.

'H NMR (400 MHz, CDCl3) and BC{'H} NMR (100 MHz, CDCls) spectra of N-(tert-
butyl)-2-oxoindoline-3-carboxamide (4)

Purification by column chromatography (EtOAc: Hexane v/v 1:9) afforded 4; Off white solid,
yield = 78% (70mg, 0.301mmol), 'H NMR (400 MHz, CDCls): & 8.25 (s, 1H), 7.69 (d, J= 7.2
Hz, 1H), 7.33 (s, 1H), 7.24 (t, J= 6.8 Hz, 1H), 7.10 (t, J= 7.6 Hz, 1H), 6.87 (d, J= 7.2, 1H),
4.18 (s, 1H), 1.37 (s, 9H) ppm. *C {'H} NMR (100 MHz, CDCls): § 175.7, 162.5, 140.5, 128.6,
127.4,124.4, 123.2,109.8, 51.7, 51.4, 28.8 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
C13H16N202Na 255.1109; found 255.1110.

3.4: Conclusion

In summary, we have developed a Pd-catalysed and amide-assisted multicomponent reaction
of 3-diazo oxindole, isocyanide, and water to generate oxazole-fused indole scaffolds. The
functional group tolerance at different positions of 3-diazo oxindole along with different
isocyanides was tested and the corresponding products were obtained in 37-76% isolated
yields. Besides, a DFT study was performed to get an overview of the proposed mechanism
which recommended that the reaction involves amide formation at the C-3 position via
isocyanide insertion which subsequently assisted [3+1+1] annulation reaction to furnish
oxazole-fused indoles. Also, the role of in-situ generated amide to assist the annulation reaction

was confirmed by the set-up of different control experiments.
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Chapter 4

4.1: Introduction

Indole and its analogs represent an important class of nitrogen-containing heterocyclic
compounds renowned for their diverse range of biological and pharmacological properties.-?
Over the years, several methods have been explored to introduce diverse functional groups onto
the indole moiety, facilitating its transformation into captivating molecular frameworks.®*
These reactions have not only expanded the understanding of the chemical versatility of indole
but have also paved the way for the synthesis of novel compounds with enhanced therapeutic
potential and biological activities.>” However, most of the methods primarily concentrated on
reactions occurring at the carbon atoms of the pyrrole or phenyl ring of the indole scaffolds.®*
Surprisingly, the reactions at the N-1 position of indole are considerably less explored, due to
the low nucleophilicity of nitrogen.'® The reported reactions at the N-1 position predominantly
involve protection strategies such as alkylation or arylation to lessen potential side
reactions.!>'2 Nevertheless, N-substituted indole derivatives emerged as privileged scaffolds in
medicinal chemistry.?*%° In particular, indole-based N-carboxamide derivatives, including
those functioning as a TNF-a modulator, GPR43 antagonist, VEGFR-2 inhibitor, and
topoisomerase inhibitor, have been documented as promising anticancer compounds.®
Additionally, Geldern’s research team has disclosed the development of an indole-based N-
carboxamide derivative as an endothelin antagonist targeting the endothelin A receptor!/,
attributed to its capacity to forge distinctive interactions with various proteins facilitated by the
presence of two nitrogen atoms (Scheme 4.1). Moreover, indole-N-carboxamide derivatives

are also used as important precursors for several organic transformations.*®

N

Cl COOH
F
CH3
©ﬁ @ X ,
TNF-aM 1 %}COOH
-a Modulator GPR43 Antagonist Endothelin Antagonist

N
VEGFR-2 Inhibtor CF; Topoisomerase Inhibitors

Scheme 4.1: Biologically active indole-based N-carboxamide derivatives
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Still, there are only a limited number of methods available for the synthesis of indole-based N-

carboxamide derivatives. Conventionally, the synthesis of indole-based N-carboxamides
involves a multistep approach that necessitates the use of highly moisture-sensitive and
flammable reagents, in addition to a rigorous work-up procedure.*® (Scheme 4.2a). Besides,
Liu’s team introduced a gold-catalyzed method for synthesizing indole-N-carboxamides via
intramolecular hydroamination of terminal alkynes (Scheme 4.2b).%° Recently, Cui’s research
group unveiled a Ugi multicomponent reaction enabling the synthesis of indole-N-carboxamide
amino amide derivatives, utilizing indole-N-carboxylic acid as the starting material (Scheme
4.2¢).1® Considering the importance of indole-N-carboxamides and the limitation of previously
reported methods there is a significant need for the development of a novel protocol for

synthesizing these scaffolds.
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Scheme 4.2: Previous approaches for synthesizing indole-based N-carboxamides
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On the other side, transition metal-catalyzed isocyanide insertion into the N-H bond has
emerged as a valuable strategy for synthesizing N-carboxamide derivatives in recent years.?%%!
In this context, Xu’s group reported an efficient synthesis of unsymmetrical tetrasubstituted
urea derivatives in a one-pot process using a Cu-catalyzed multicomponent reaction (Scheme
4.2d).?? This reaction involves the insertion of isocyanide into the less reactive N-H bond of
secondary aryl amines. Zhao and colleagues reported another approach, wherein they
developed an Rh-catalyzed aerobic oxidative coupling reaction between isocyanides and
amines to produce urea derivatives in an atom-economic manner (Scheme 4.2e).2
Additionally, several transition metal-free approaches have been developed for the generation
of N-carboxamide derivatives. Recently, Bez et al. reported an iodine-DMSO-mediated
method for isocyanide insertion into the N-H bond (Scheme 4.2f).%* Nevertheless, these
approaches were limited to aryl amines and aliphatic amines exclusively. To the best of our
knowledge, these methods have never been documented for the amidation of the N-H bond in
indole-based heterocycles. In this view, we hypothesized to explore the synthesis of indole-
based N-carboxamides via transition metal-catalyzed isocyanide insertion into the N-H bond
of the indole scaffold.

4.2: Results and discussion
4.2.1: Optimization of the reaction conditions

To actualize our hypothesis, we set up the reactions between indole and tert-butyl isocyanide
in the presence of various transition metals catalysts i.e. Cu(OAc)2, Pd(OAC)2, and Rh2(OAC)4,
however, none of the reaction provided the desired indole-based N-carboxamides and it could
be due to the low nucleophilicity of nitrogen (Scheme 4.3a). Interestingly, the Kanger group
has also noted similar types of findings and addressed them by employing 3-phenylimino
substituted oxindole as a substrate.?® The inclusion of 3-phenylimine moiety enhanced the
nucleophilicity of the nitrogen atom of oxindole through remote activation. Consequently, they
achieved successful asymmetric Michael addition reactions with unsaturated 1,4-ketoesters at
the N-1 position of substituted oxindoles. Drawing encouragement from this report, we tried
the Pd-catalyzed reaction of tert-butyl isocyanide with oxindole, 3-phenylimine substituted
oxindole, and 3-phenylhydrozone substituted oxindole, respectively (Scheme 4.3b-d).
Delightfully, we obtained the indole-based N-carboxamide product (3a) in 44% vyield only
when 3-phenylhydrozone substituted oxindole reacted with tert-butyl isocyanide only in the

presence of Pd-catalyst (Scheme 4.3d).
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1,4-dioxane,100°C, 12 h
)Qo
Catalyst = Cu(OAc),, Pd(OAc),, Rhy(OAc), H;é
0% yield
) y =
- ()
o + Né catalyst (19 mol%), N
N H,0 (1 equiv.),K,CO;4 X0
}-l 1,4-dioxane,100°C, 12 h HN
s X
& 0% yield

&
s ) N
¢) N /
/ + - catalyst (10 mol%), o
o + >LN=C H,0 (1 equiv.),K,CO4 N
N

1,4-dioxane,100°C, 12 h
Y =0
HN

d) Q- 0% yield
'0\ /' H
e}; . H

c\\‘ /! Y
» / /S -NH
S NN N

é Y Pd(OAC), (10 mol%). !
o + >LN+EC_ H,0 (1 equiv.),K,CO3 0
. o N
I\{ 1,4-dioxane,100°C, 12 h )§
H (6]
g

44% yield

aReaction conditions: (Z)-3-(2-phenylhydrazono) indolin-2-one (1a) (1.0 equiv.), tert-butyl isocyanide (2a) (1.2 equiv.), H,O
(1 equiv.), Pd(OAC):2 (10 mol%), K2COs (1.5 equiv.), 1,4-dioxane (2 ml), temperature=100 °C,12 h.

Scheme 4.3: Our hypothesis to synthesize the indole-based N-carboxamide derivative

Based on the preliminary results, we decided to explore this methodology by optimizing
various reaction conditions. Initially, we began our investigation for this transformation by
selecting 3-(phenylhydrazono)oxindole (1a), fert-butyl isocyanide (2a) as the model substrates
and screened various metal catalysts such as Cu(OAc)2, (Rh2(OAc)4 and Ni(OAc): in place of
Pd(OAc) (Table 4.1, entries 2-4). Unfortunately, the reaction didn’t occur with Cu(OAc); and
Rh2(OAc)4 catalysts, however, only a trace amount of product was observed with Ni(OAc)s.
These results underscored the essential role of Pd(OAc), as catalysts to make this reaction
feasible. Next, we tried Pd(PPh;3)4 and PdCl: instead of PA(OAc)», the reaction provided a lower
yield of 31% in the case of Pd(PPh;3)4 and a comparable yield of 41% was observed with PdCl»
(Table 4.1, entries 5&6). Also, a reduction of yield up to 36% was noticed when 5 mol% of
Pd(OAc), was added in place of 10 mol%, and no product formation was observed in the

absence of palladium catalyst (Table 4.1, entries 7&8). Next, we screened various bases like
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NaxCOs, KO#-Bu, LiOz-Bu, NEt3, and DBU, etc., in the presence of Pd(OAc); as a catalyst and
found that KoCO3 was superior for this reaction (Table 4.1, entries 9-13). It was noticed that a
mild base provides a higher yield in comparison to a strong base like KO/Bu & LiO#-Bu which
afforded only 37 & 33% isolated yield respectively. Also, organic bases like NEt3; and DBU
weren’t found superior for the reaction and provided only 32 & 29% yield respectively.
However, when we tried the reaction in the absence of a base it gave the product (3a) only in

21% isolated yield which shows the importance of K2COs in this transformation (Table 4.1,

entry 14).
Table 4.1. Optimization of the reaction conditions?
oo
mo - Yose W» %<)
H »12h. H;io
1a 2a 3a
entry deviation from reaction conditions isolated yield

1. No deviation 44%
2. Cu(OAC): as a catalyst -
3. Rh,(OAC). as a catalyst -
4, Ni(OAc); as a catalyst Trace
5. Pd(PPhs), instead of Pd(OAc). 31%
6. PdCl; instead of Pd(OACc): 41%
7. Pd(OAC)2 (5 mol% instead of 10 mol%). 36%
8. in the absence of a catalyst -
9. Na,COsinstead of Ko,CO3 40%
10. KOt-Bu instead of K,CO3 37%
11. LiOt-Bu instead of K,CO3 33%
12. NEt; instead of K,CO3 32%
13. DBU instead of K.CO3 29%
14, in the absence of a base 21%
15. Toluene instead of 1,4-dioxane 39%
16. DMF instead of 1,4-dioxane 31%
17. DMSO instead of 1,4-dioxane 35%
18. 130 °C 38%
19. 70 °C 61%
20. 50 °C 37%
21. 2 equiv. of H,0 43%

@Reaction conditions: (Z)-3-(2-phenylhydrazono) indolin-2-one (1a) (1.0 equiv.),tert-butyl isocyanide (2a) (1.2 equiv.), H,O
(1 equiv.), Pd(OAC)2 (10 mol%), K2COs (1.5 equiv.), 1,4-dioxane (2 ml), temperature of the reaction (100 °C) for 12 h.
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Next, we checked the solvent suitability for the reaction, and it was noticed that 1, 4-dioxane
persists as the best solvent for the developed reaction (Table 4.1, entries 15-17). Also, it was
noticed that increasing the temperature up to 130 °C slightly decreases the reaction yield while
decreasing the temperature up to 70 °C provided the reaction yield to 61% (Table 4.1, entries
18-19). However, the reaction yield diminished when the temperature was further reduced to
50 °C, and only 37% of the product formation occurred (Table 4.1, entry 20). Also, it was
noticed that increasing the amount of H>O does not make any improvement in the outcome of
the model reaction (Table 4.1, entry 21).

4.2.2: Substrate Scope

After having optimized conditions in our hands, we explored the substrate scope to check the
feasibility of this transformation. Firstly, we have replaced tert-butyl isocyanide with 1,1,3,3-
tetramethy!l butyl isocyanide or cyclohexyl isocyanide, as a result, corresponding carboxamide
products 3b & 3c were obtained in comparable yield in comparison of the product 3a (Scheme
4.4). These results represent that the structure of the isocyanide substrate and steric hindrance
don’t play any effective role in forming the desired product. Next, we checked the presence of
electron-donating methoxy- group at oxindole moiety which provide only 46% yield (Scheme
4.4, 3d) and strongly suggest that electron-donating groups diminished the reaction yield. After
that, oxindole having halide substituents such as 5-Cl and 5-Br was tested with tert-butyl
isocyanide respectively and obtained slightly higher yields in the case of 5-Cl (Scheme 4.4,
3e) as compared to 5-Br substituent (Scheme 4.4, 3g) of the product. Further, the reaction
provided 64% yield, when 5-Cl substituted oxindole was used along with cyclohexyl
isocyanide (Scheme 4.4, 3f). Next, electron-withdrawing groups such as 5-trifluoro methoxy
and 5-nitro were implemented and it was observed that electron-poor substituents slightly
favored the reaction and provided 68% & 71% (Scheme 4.4, 3h & 3i) yields for the desired
products. Next, we checked the 6-CI substituent which again slightly decreased the yield and
only provided 52% yield (Scheme 4.4, 3j). By encouraging these results, we have checked the
effect of substituents at the phenyl ring of hydrazone functionality along with the electron-
withdrawing and halogen groups at the C-5 position of oxindole. It was observed that the
electron-donating group i.e. p-methyl at the phenyl ring of hydrazone and the 5-NO> group at
the oxindole ring provide a maximum yield of 76% (Scheme 4.4, 3k). However, p-methyl at
the phenyl ring of hydrazone and 5-F group at the oxindole ring provide a lower yield of 58%
(Scheme 4.4, 3I). Also, when halogen substituents are employed on the p- and o- positions of

phenyl hydrazone, the yield of the reaction decreases up to 51% and 55% (Scheme 4.4, 3m &
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3n). However, when strong electron-withdrawing group p-NO2 was installed at phenyl
hydrazone, no product formation was observed (Scheme 4.4, 30). Also, the reaction provided
no yield when the substituent was implemented at 4- and 7-positions of oxindole moiety
(Scheme 4.4, 3p & 3q). All these experiments proved that reaction outcome is highly
dependent on the electronic effect of the substituent.
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@Reaction conditions: (Z)-3-(2-phenylhydrazono) indolin-2-one (1a) (1.0 equiv.),tert-butyl isocyanide (2a) (1.2 equiv.), H,O
(1 equiv.), Pd(OAC)2 (10 mol%), K2COs (1.5 equiv.), 1,4-dioxane (2 ml), temperature of the reaction (70 °C) for 12 h.

Scheme 4.4: Substrate scope of the Pd-catalysed reaction

4.2.3: Plausible mechanism

Based on these control experiments, we have proposed a mechanistic route for the reaction
(Scheme 4.5).2%% nitially, hydrazone proton abstraction takes place in the presence of a base

to open the oxindole ring which on the subsequent reaction with Pd-isocyanide complex (A),
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which was generated by the reaction of Pd-catalyst and isocyanide, furnished complex (B) on

the removal of AcOH. Next, this complex (B) went through an isocyanide insertion step to

form a tricyclic intermediate (C) which again eliminated another AcOH unit to form complex

(D). This tricyclic ring can easily open and form a ketenimine-Pd complex (E) having

electrophilic carbon.?’” Next, nucleophilic attack by water molecule takes place to form

intermediate (F) which upon reductive elimination of palladium acetate form intermediate (H).

This intermediate (H) simultaneously undergoes through tautomerization followed by

cyclization to provide final product (3a).

Pd _ ¥ o h .
N / N\\C . /)\-/ K,CO4 @(S: o
Cy N7 Reductive A @ N
N (6]

elimination Ed'OAC NJ H 1a

s‘
N\/

A
wP Pd-Isocyanide -AcOH
O’
‘ “oAc Complex

Tautomerization =N

2AcO’ @c
NH 0

N I

‘o
ZH
C. C~pPd-
n-NH v N7 Pd-oAc
I WPd =N [
H, ~c i
=0 o \’:‘ \ Isocyanide
H Cs Insertion
N 7\ N O
O)‘N E cZl
H Nucleophilic addition \|/N Pd

of H,0

Scheme 4.5: Proposed reaction mechanism for the synthesis of indole-based N-carboxamide

4.3: Experimental section

4.3.1: General Information

All the reagents and solvents were purchased from commercial sources and used without
undergoing any further purification. The *H NMR and *C{*H} NMR were recorded on 400
and 100 MHz, respectively using JEOL or Bruker spectrometers in CDCl3z and ds-DMSO using

tetramethylsilane (TMS) as an internal reference. The chemical shift value is denoted by o

(ppm) and the coupling constant in J (Hz). Other abbreviations used in NMR follow-up

experiments: b, broad; s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; td or dd, doublet
of triplet and double doublet. HRMS data were obtained by using the Water QTOF mass
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spectrometer (XEVO G2 XS) in ESI(+ve) mode. Glass plates with silica gel (GF-254) were
employed in Thin Layer Chromatography (TLC) to track the development of the reaction. The
column chromatography was performed using silica gel (60-120 mesh) as the stationary phase
and ethyl acetate in hexane as the mobile phase. All the compounds were characterized using
'H NMR, BC{*H} NMR & HRMS data.

4.3.2: General procedure to synthesize Indoline-1-carboxamides (3a-3n)

In a sealed tube having a stirrer bar added (Z)-3-(2-phenylhydrazono)indolin-2-one (1.0
equiv., 100 mg, 0.42 mmol), isocyanide (1.2 equiv., 42.09 mg, 0.50 mmol, 57.2 pl), H.0 (1.0
equiv., 7.59 pl, 0.42 mmol), Pd(OAC). (10 mol%, 9.5 mg) and K>COs (1.5 equiv., 87 mg, 0.63
mmol) in 2 mL 1,4-dioxane as a solvent. The resulting reaction mixture was stirred at 70 °C in
a preheated oil bath for 18 h and the progress of the reaction was monitored using TLC. After
completion of the reaction as indicated by TLC, volatiles were evaporated under reduced
pressure and the obtained residue was purified by column chromatography using ethyl acetate
in hexane as eluents affording the corresponding indoline-1-carboxamide derivatives (3a-3n)
in 46- 76% yields.

4.3.3: General procedure to synthesize (Z)-3-(2-phenylhydrazono)indolin-2-one (1la-1q)

In a round bottom flask, a mixture of isatin (1 mmol, 1 equivalent) and phenyl hydrazine (2.5
equiv.) in ethanol (3 mL) was refluxed for 1 h and then cooled to room temperature, resulting
in the precipitation of hydrazone that was filtered, dried, and recrystallized from ethanol to
provide yellow solid in 70-97% yield.

_________________________________________________________________________________

| NHNH, N~-NH |

E R1 o + Ethanol > R1 E

: <©j,:§: @ Reflux R o :
N

_________________________________________________________________________________

4.3.4: Characterization data

(2)-3-(2-phenylhydrazono)indolin-2-one (1a)
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Purification by recrystallization. Yellow solid, yield = 97%. *H NMR (400 MHz, DMSO-dg):
8 12.75 (s, 1H), 11.02 (s, 1H), 7.51 (d, J = 8Hz, 1H), 7.40-7.30 (m, 4H), 7.20 (t, J = 8Hz, 1H),
7.02-6.98 (m, 2H), 6.88 (d, J = 8Hz, 1H) ppm.

(Z2)-N-(tert-butyl)-2-ox0-3-(2-phenylhydrazono)indoline-1-carboxamide (3a)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3a; Yellow solid, yield = 69% (98 mg, 0.29 mmol), 'H
NMR (400 MHz, CDCls): 6 11.91 (s, 1H), 8.47 (s, 1H), 8.27 (d, J = 8Hz, 1H), 7.65 (s, J = 8Hz,
1H), 7.39-7.37 (m, 4H), 7.29 (t, J = 8Hz, 1H), 7.19 (t, J = 8Hz, 1H), 7.13-7.08 (m, 1H), 1.49
(s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): & 163.1, 150.6, 142.2, 138.0, 129.6, 128.5,
125.7,124.4,124.2, 121.3, 118.2, 116.5, 114.8, 51.4, 29.0 ppm. HRMS (ESI-TOF) m/z: [M +
H]* calcd. for C19H21N4O2 337.1665 found 337.1649.
(Z2)-2-ox0-3-(2-phenylhydrazono)-N-(2,4,4-trimethylpentan-2-yl)indoline-1-
carboxamide (3b)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3b; Yellow solid, yield = 63% (104 mg, 0.27 mmol), H
NMR (400 MHz, CDClz3): 6 12.61 (s, 1H) ppm, 8.48 (s, 1H), 8.28 (d, J = 8Hz, 1H), 7.66 (s, J
= 8Hz, 1H), 7.41-7.36 (m, 4H), 7.31-7.27 (m, 1H), 7.21-7.17 (m, 1H), 7.12-7.08 (m, 1H), 1.86,
(s, 2H), 1.53 (s, 6H), 1.05 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): § 171.1, 163.1,
150.3, 142.2, 138.1, 129.6, 128.5, 125.7, 124.4, 124.2, 121.4, 118.2, 116.5, 114.9, 55.2, 51.5,
31.8, 31.6, 29.6 ppm.

(Z2)-N-cyclohexyl-2-0xo0-3-(2-phenylhydrazono)indoline-1-carboxamide (3c)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3c; Yellow solid, yield = 67% (102 mg, 0.28 mmol), *H
NMR (400 MHz, CDCls): 8 12.60 (s, 1H), 8.45 (s, 1H), 8.26 (d, J = 8Hz, 1H), 7.65 (s, J = 8Hz,
1H), 7.39-7.37 (m, 4H), 7.32 (t, J = 8Hz, 1H), 7.19 (t, J = 8Hz, 1H), 7.14-7.07 (m, 1H), 3.92-
3.85(m, 1H), 2.03-2.00 (m, 2H), 1.78-1.74 (m, 2H), 1.50-1.27 (m, 6H) ppm. *C{*H} NMR
(100 MHz, CDClz): 6 163.1, 151.2, 142.1, 137.9, 129.6, 128.6, 125.6, 124.5, 124.3, 121.4,
118.3, 116.4, 114.9, 48.8, 33.0, 25.7, 24.6 ppm. HRMS (ESI-TOF) m/z: [M + H]" calcd. for
Co1H23N402 367.1770; found 367.1789.

(Z)-N-(tert-butyl)-5-methoxy-2-oxo-3-(2-phenylhydrazono)indoline-1-carboxamide (3d)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3d; Yellow solid, yield = 46% (63 mg, 0.17 mmol), H
NMR (400 MHz, CDCls): & 12.63 (s, 1H), 8.42 (s, 1H), 8.16 (d, J = 8Hz, 1H), 7.41-7.36 (m,
4H), 7.29 (t, J = 8Hz, 1H), 7.18(d, J = 2.4Hz, 1H), 7.13-7.08 (m, 1H), 6.83 (dd, J= 9.2, 2.8Hz,
1H), 3.85(s, 1H), 1.47 (s, 9H) ppm. BC{*H} NMR (100 MHz, CDCls): & 171.2, 163.2, 156.9,
150.6, 142.1, 139.9, 129.6, 125.9, 124.3, 122.3, 117.4, 114.9, 102.9, 55.8, 51.4, 30.0 ppm.

(Z2)-N-(tert-butyl)-5-chloro-2-oxo0-3-(2-phenylhydrazono)indoline-1-carboxamide (3e)
Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3e; Yellow solid, yield = 61% (83 mg, 0.22 mmol), 'H
NMR (400 MHz, CDClz): 6 12.61 (s, 1H), 8.40 (s, 1H), 8.19 (d, J = 12Hz, 1H), 7.59(d, J = 2.4,
1H), 7.40-7.35 (m, 4H), 7.22 (dd, J = 8.8, 2Hz, 1H), 7.15-7.10 (m, 1H), 1.48 (s, 9H) ppm.
BC{*H} NMR (100 MHz, CDCl3): & 170.9, 162.7, 150.2, 141.8, 136.1, 130.0, 129.7, 128.0,
124.8, 124.4, 122.8, 118.1, 117.7, 115.0, 51.5, 28.9 ppm. HRMS (ESI-TOF) m/z: [M + H]"
calcd. for C19H20CIN4O2 371.1275; found 371.1267.

(2)-5-chloro-N-cyclohexyl-2-0xo0-3-(2-phenylhydrazono)indoline-1-carboxamide (3f)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3f; Yellow solid, yield = 64% (93 mg, 0.23 mmol), *H
NMR (400 MHz, CDClz3): 6 12.61 (s, 1H), 8.38 (d, J = 2.4Hz, 1H), 8.35 (d, J = 8.8Hz, 1H),
8.29(d, J = 7.6, 1H), 7.34 (d, 4H), 7.14-7.09 (m, 1H), 3.81 (s, 3H), 1.97-1.95 (m, 2H), 1.73-
1.69 (m, 2H), 1.40-1.24 (m, 6H) ppm. *C{*H} NMR (100 MHz, CDCl3):  162.6, 150.4, 144.8,
141.3,129.8, 125.6, 123.6, 123.3, 122.3, 116.5, 115.4, 113.4, 49.2, 32.9, 29.8, 25.6, 24.6 ppm.

(Z2)-5-bromo-N-(tert-butyl)-2-oxo-3-(2-phenylhydrazono)indoline-1-carboxamide (3g)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3g; Yellow solid, yield = 59% ( mg, 0.19 mmol), *H NMR
(400 MHz, CDCla): § 12.64 (s, 1H), 8.41 (s, 1H), 8.16 (d, J = 8.0Hz, 1H), 7.76(d, J = 2Hz, 1H),
7.39-7.37 (m, 5H),), 7.15-7.11 (m, 1H), 1.47 (s, 9H) ppm. *C{*H} NMR (100 MHz, CDCls):
5 162.6, 150.2, 141.8, 136.6, 130.8, 129.7, 124.8, 124.3, 123.2, 121.0, 118.0, 117.6, 115.0,
51.6, 29.0 ppm.

(Z2)-N-(tert-butyl)-2-oxo-3-(2-phenylhydrazono)-5-(trifluoromethoxy)indoline-1-

carboxamide (3h)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3h; Yellow solid, yield = 68% (89 mg, 0.21 mmol), H
NMR (400 MHz, CDClz3): 6 12.63 (s, 1H), 8.35 (s, 1H), 8.25 (d, J = 8.0Hz, 1H), 7.44(d, J =
1.6Hz, 1H), 7.36-7.31 (m, 4H),), 7.11-7.06 (m, 2H), 1.42 (s, 9H) ppm. *C{*H} NMR (100
MHz, CDCIs): 6 170.5, 162.9, 150.2, 146.1, 141.7, 136.0, 129.7, 124.9, 124.6, 122.7, 121.0,
117.6,115.1,111.1, 110.9, 51.6, 29.0 ppm.

(Z)-N-cyclohexyl-5-nitro-2-oxo0-3-(2-phenylhydrazono)indoline-1-carboxamide (3i)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.4:9.6 v/v, stationary
phase: Silica 60-120 mesh) afforded 3i; Yellow solid, yield = 71% (102 mg, 0.25 mmol), *H
NMR (400 MHz, CDCls): 8 12.57 (s, 1H), 8.35 (d, J =7.6Hz, 1H), 8.16 (d, J = 8.8Hz, 1H),
7.56-7.55(m, 1H), 7.39-7.33 (m, 4H),), 7.22-7.20 (m, 1H), 7.13-7.09 (m, 1H), 3.89-3.81 (m,
1H), 2.03-2.00 (M, 2H), 1.78-1.74 (m, 2H), 1.49-1.24 (m, 6H) ppm. *C{*H} NMR (100 MHz,
CDCls): 6 162.6, 150.8, 141.7, 136.0, 130.1, 129.7, 128.1, 124.8, 124.3, 122.9, 118.1, 117.5,
115.0, 48.9, 33.0, 25.7, 24.6 ppm.

(2)-6-chloro-N-cyclohexyl-2-oxo0-3-(2-phenylhydrazono)indoline-1-carboxamide (3j)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.4:9.6 v/v, stationary
phase: Silica 60-120 mesh) afforded 3j; Yellow solid, yield = 52% (73 mg, 0.19 mmol), 'H
NMR (400 MHz, CDCls): 6 12.64 (s, 1H), 8.41 (d, J =3.6Hz, 1H), 8.39 (s, J = 1H), 7.60(d, J =
4.8Hz, 1H), 7.42 (s, 4H),), 7.22 (d, J = 4.4Hz, 1H), 7.16 (s, 1H), 3.91-3.90 (m, 1H), 2.06-1.40
(m, 10H), ppm. *C{*H} NMR (100 MHz, CDCls): & 162.8, 150.8, 141.9, 138.2, 134.0, 129.6,
124.7, 124.6, 124.5, 119.8, 117.0, 114.0, 48.9, 32.8, 25.6, 24.5 ppm. HRMS (ESI-TOF) m/z:
[M + H]* calcd. for C21H22CIN4O; 397.1431; found 397.1423.

(Z)-N-(tert-butyl)-5-nitro-2-oxo-3-(2-(p-tolyl)hydrazono)indoline-1-carboxamide (3k)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3k; Yellow solid, yield = 76% (95 mg, 0.24 mmol), *H
NMR (400 MHz, CDCls): 6 12.77 (s, 1H), 8.50 (d, J = 2.4Hz, 1H), 8.46 (s, 1H), 8.44 (s, 1H),
8.17 (dd, J = 8.8, 2.4Hz, 1H), 7.35 (d, J =8.4, 2H) 2.37 (s, 3H), 1.48 (s, 9H) ppm. BC{'H}
NMR (100 MHz, CDCls): 6 162.8, 149.9, 141.3, 139.1, 135.6, 130.4, 123.3, 122.8, 122.4,
116.6, 115.5, 113.4, 51.8, 29.8, 28.9 ppm.

(Z2)-N-cyclohexyl-5-fluoro-2-oxo-3-(2-(p-tolyl)hydrazono)indoline-1-carboxamide (3I)
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Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3I; Yellow solid, yield = 58% (85 mg, 0.22 mmol), *H
NMR (400 MHz, CDCls): & 12.67 (s, 1H), 8.42 (d, J = 7.6Hz, 1H), 8.23 (q, J =4.4Hz, 1H),
7.34-7.26 (m, 4H), 7.18 (s, 1H), 7.00-6.95 (m, 1H), 3.89-3.87 (m, 1H), 2.35 (s, 3H), 2.04-1.28
(m, 10H) ppm. 3C{*H} NMR (100 MHz, CDCls): § 162.9, 161.3, 158.9, 151.0, 139.5, 134.6,
133.4,130.1, 124.2, 123.1, 123.0, 121.9, 117.6, 117.5, 115.0,114.7, 114.4, 105.0, 104.8, 48.7,
32.9, 25.6, 24.6, 21.0 ppm.

(Z)-N-(tert-butyl)-5-chloro-3-(2-(4-chlorophenyl)hydrazono)-2-oxoindoline-1-
carboxamide (3m)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3m; Yellow solid, yield = 51% (67 mg, 0.17 mmol), *H
NMR (400 MHz, CDCls): & 12.60 (s, 1H), 8.35 (s, 1H), 8.20 (d, J = 8Hz, 1H), 7.59 (d, J =
2.0Hz, 1H), 7.35-7.29 (m, 4H), 7.26-7.23 (m, 1H), 1.47 (s, 9H) ppm. *C{*H} NMR (100 MHz,
CDCls): 6 162.8, 150.1, 140.5, 136.3, 130.1, 129.8, 128.4, 125.1, 122.6, 118.3, 117.8, 116.1,
51.6, 29.0 ppm.

(2)-3-(2-(2-bromophenyl)hydrazono)-N-(tert-butyl)-5-nitro-2-oxoindoline-1-

carboxamide (3n)

Purification by column chromatography (mobile phase: EtOAc/Hexane, 0.3:9.7 v/v, stationary
phase: Silica 60-120 mesh) afforded 3n; Yellow solid, yield = 55% (70 mg, 0.15 mmol), 'H
NMR (400 MHz, CDCls): & 12.88 (s, 1H), 8.51 (d, J = 2.4Hz, 1H), 8.47 (d, J =8.0Hz, 1H),
8.37 (s, 1H), 8.21 (dd, J = 8.8, 2.0Hz, 1H), 7.89 (d, J = 8.0Hz, 1H), 7.55 (d, J = 7.6Hz, 1H),
7.41 (t, J = 8Hz, 1H), 7.03 (t, J = 7.6Hz, 1H), 1.50 (s, 9H) ppm. *C{*H} NMR (100 MHz,
CDClz): 6 162.6, 149.7, 144.8, 142.2, 139.2, 133.0, 129.0, 125.9, 125.4, 124.2, 122.0, 116.9,
116.1, 113.9, 110.4 ppm.

4.4: Conclusion

In summary, a significant methodology has been developed for synthesizing indole-based N-
carboxamide derivatives via Pd-catalyzed isocyanide insertion into the N-H bond of 3-
(phenylhydrazono)oxindole. Notably, the phenylhydrazone moiety positioned at the C3
position exhibits a crucial role in remotely activating the N-H bond of oxindole. To demonstrate
the broad applicability and reliability of this approach, various electron-withdrawing, electron-

donating, and halide substituents were examined at both the oxindole and hydrazone moieties,
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yielding moderate to good results. However, the reaction's outcome was found to be highly
influenced by the electronic effects of the substituents and highlights the need for further

exploration of this methodology.
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5.1: Introduction

a-Diazoacetamides have been extensively used in the last many years as a starting material to
synthesize substituted oxindoles, lactams or other heterocyclic compounds via transition-metal
catalysed intramolecular/intermolecular carbene insertion reactions.! Recently, Lautens et al.
reported a Ru-catalysed intramolecular cyclization of diazo-f-ketoanilides in combination with
Pd-catalysed asymmetric allylic alkylation in one pot (Scheme 5.1a).? Further, Kim group reported
the synthesis of a-quaternary chiral B-lactam moiety using relay Rh(II)/Pd(0) dual catalysis
(Scheme 5.1b).> A Rh-catalysed coupling of o-diazo-y-butyrolactams with aromatic amines to

generate a-arylamino-y-butyrolactams was reported by Karsavin research group (Scheme 5.1¢).*

(a) Lautens et al. (2016)

O 08,

BocO/\/

b) Kim et al. (2018)
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BocO/\/\R4

(¢) Krasavin et al. (2019) Q
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(d) Jiang et al. (2020): Synthesis of tricyclic benzoxazine-triazole
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Scheme 5.1: Use of a-diazoacetamides or their N-tosylhydrazone surrogate to synthesize N-heterocycles
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Interestingly, previous reports demonstrated that the structure of a-diazoacetamides can
dramatically affect the outcome of the reaction mainly in terms of efficiency, chemo-, regio- and
stereoselectivity.’ Thus, the careful designing of the structure of a-diazoacetamides as reacting

substrates in transition-metal catalysed reactions is an imperative task.

On the other hand, 1,2,3-triazole fused heterocyclic compounds have attracted continuous growing
attention of chemical community due to their significant applications in the various area of
chemistry such as material chemistry, supramolecular, medicinal and pharmaceutical chemistry.®
Further, 1,2,3-triazole fused heterocyclic compounds have been found displaying a wide range of
biological activities such as antibacterial, anti-HIV, antitrypanosomal, antiallergic, anti-fungal,
cardiovascular, antileishmanial, and chemotherapeutic activities (Figure 5.1).” The conventional
method for synthesizing 1,2,3-triazole ring fused with numerous heterocycles is click chemistry
which involved thermal or copper-catalyzed 1,3-dipolar cycloaddition of alkynes to azides.® Over
the years, several other strategies have been reported for the synthesis of 1,2,3-triazole ring fused
with various heterocycles.® Additionally, benzoxazine fused triazoles have been interesting
scaffolds due to their potential diuretic activities (Figure 5.1), however, very few methods are
available in the literature to synthesize this scaffold.'® Very recently, Jiang and co-workers have
developed copper-catalyzed intramolecular C—H alkoxylation reaction to synthesize tricyclic

benzoxazine-triazoles.'!

R
B
N
N HO N\)
7N
s @
|
|
F NO,
0
NO, Q
. H_N»‘N NO,
=N OCH, N=N ‘N’J\/O

Figure 5.1: Biologically active triazole fused heterocycles
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5.2: Results & discussion
5.2.1: Optimization of the reaction conditions

Initially, we hypothesized to use N-aryl-o-(tosyl hydrazone)acetamide as more -easily
synthesizable, safe and stable surrogate of a-diazoacetamides with isocyanide under the palladium
catalysed conditions to produce substituted ketenimines (C) as reported very recently by Bi et al.
(Scheme 5.2).!% To realize our hypothesis, we started a reaction of N-aryl-o-(tosyl hydrazone)
acetamide with tetramethylbutyl isocyanide using 10 mol% of PdCl> and 2 equiv. of KO#-Bu as a
catalyst and base respectively in 1,4-dioxane at 100°C for overnight in a sealed tube and obtained
the isolated product in 56% yield. However, formation of benzoxazine fused 1,2,3-triazoles (A)
was unexpectedly obtained (Scheme 5.2). Drawing motivation by the clinical application of
benzoxazine fused triazoles, herein, we decided to optimize the newly discovered reaction and
screen various Pd-catalysts, bases and solvents in this context and selected N-aryl-a-(tosyl
hydrazone)acetamides (1a) and tert-butyl isocyanide (2a) as the model substrates (Table 5.1).
Initially, the reaction was carried out using a series of Pd-catalysts with KO7Bu as a base in 1,4-
dioxane at 110°C (Table 5.1, entries 1-6), and the results exhibited that Pd(OAc), was superior

than other Pd-catalysts and gave the product (3a) in 78% yield (Table 5.1, entry 2). Also,
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Pd(DPPF)CI, showed similar catalytic activity and gave the product (3a) in 75% yield (Table 5.1,
entry 4). Beside these catalysts, PACIo(NCCgHs)> and Pd(dba); furnished the product (3a) in
significant yield that was 50% and 47% respectively (Table 5.1, entries 3 and 5). In addition,
when reaction was initiated using PdCl> or Pd(PPh3)4 as catalyst, a comparatively lower yield of
(3a) was obtained (Table 5.1, entries 1&6). Next, we screened several bases for example K>COs3,
Cs2C0O3, KOH, NaH, NaHCO3, DBU and LiOsBu with Pd(OAc), as a catalyst in 1,4-dioxane at
110°C (Table 5.1, entries 7-13). When, we used K»CO3, KOH, NaH as the base, the product was
formed in considerable amount and the isolated yield was between 50-63% (Table 5.1, entries 7,
9, 10 and 13). Furthermore, when Cs>CO3, NaHCO3 and DBU were implemented as the base, the
product was obtained in inferior yield (Table 5.1, entries 8, 11 & 12). These results showed that
KO7Bu remained the best choice with Pd(OAc): as a catalyst in 1,4-dioxane (Table 5.1, entry 2).
Having, Pd(OAc)> and KO7Bu as the best catalyst and base, next, we screened various solvents
including toluene, THF, DMF and DMSO, and obtained the product in 33-59% yield (Table 5.1,
entries 14-17). This showed that variations in solvent have a substantial effect on the product
formation in this reaction. Consequently, 1,4-dioxane persisted the best solvent in the presence of
Pd(OAc), and KO7Bu as a catalyst and base respectively (Table 5.1, entry 1). In addition, when
the molar ratio of Pd(OAc), was decreased from 10 mol% to 5 mol%, the reaction provided the
product only in 51% yield (Table 5.1, entry 18). Moreover, the procedure was unfavorable when
catalyst was omitted from the reaction (Table 5.1, entry 19). It is interesting to note that 110°C

temperature and 2.0 equiv. of KOsBu was essential in this reaction to obtain the maximum

conversion.
Table 5.1. Optimization of the reaction conditions?
N
E I\{ Ts J< Pd-catalyst, base ©\)\
@[ m + CN solvent, 110°C NW
Br
(1a) (2a) (3a)
entry catalyst base solvent yield® (%)
1 PdCl; KOt-Bu 1,4-dioxane 26
2 Pd(OAC): KOt-Bu 1,4-dioxane 78
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3 PdCI»(NCCgHs),  KOt-Bu 1,4-dioxane 50
4 Pd(DPPF)CI; KOt-Bu 1,4-dioxane 75
5 Pd(dba)s KOt-Bu 1,4-dioxane 47
6 Pd(PPhs)s KOt-Bu 1,4-dioxane 20
7 Pd(OAc). K2CO3 1,4-dioxane 55
8 Pd(OAc). Cs2CO3 1,4-dioxane 26
9 Pd(OAc). KOH 1,4-dioxane 50
10 Pd(OAC):, NaH 1,4-dioxane 60
11 Pd(OAC) NaHCO; 1,4-dioxane 25
12 Pd(OAC):, DBU 1,4-dioxane 38
13 Pd(OAC). LiOt-Bu 1,4-dioxane 63
14 Pd(OAC):, KOt-Bu Toluene 59
15 Pd(OAc), KOt-Bu DMF 35
16 Pd(OAc)2 KOt-Bu DMSO 47
17 Pd(OAC), KOt-Bu THF 33
18 Pd(OAc). KOt-Bu 1,4-dioxane 51°¢
19 - KOt-Bu 1,4-dioxane nrd

@Reaction conditions: substrate 1a (1.0 equivalent), tert-butyl isocyanide 2a (1.2 equivalents), Pd-catalyst (10 mol%), base (2.0

equivalents), solvent (2 ml), temperature of the reaction (110°C) for 3 hr. Pisolated yield, *Pd-catalyst (5 mol%), “nr= desired

product was not obtained.

5.2.2: Substrate scope

After having the optimized conditions (Table 5.1, entry 2), we investigated the effect of various

substitutions on aryl groups attached to the N-atom (anilide moiety) of the N-aryl-o-(tosyl

hydrazone)acetamides (1) with different isocyanides (2) and briefed the results in Scheme 5.2.
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@Reaction conditions: hydrazones 1 (1.0 equivalent), isocyanides 2 (1.2 equivalents), Pd(OAc)2 (10 mol%), KOt-Bu (2.0
equivalents), 1,4-dioxane (2 ml), temperature of the reaction (110°C) for 2-3 hr. Pisolated yield.

Scheme 5.3. Scope of the substrate in the Pd-catalysed cascade reaction?

In this context, when reacted tosylhydrazone (1a) with 1,1,3,3-tetramethylbutyl isocyanide, we
obtained the product (3b) in very good yield (Scheme 5.3, entry 2) and the yield of (3b) was close
to the product attained from the reaction of tosylhydrazone (1a) with tert-butyl isocyanide (Scheme
5.3, entry 1). But, in the case of cyclohexyl isocyanide, the yield of product (3¢) was slightly lower
(Scheme 5.3, entry 3). These results showed that there was no significant change in the yield of
products from moving one isocyanide to others (Scheme 5.3, entries 1-3). Further, we verified
the effect of halide substitutions on the para-position of anilide moiety and in case of 4-Cl
substitution the reaction gave inferior yield of the products with both tert-butyl isocyanide as well
as 1,1,3,3-tetramethylbutyl isocyanide (Scheme 5.3, entries 4-5). However, when 4-chloro was
replaced with 4-fluoro substitution, yield of the corresponding products was found 62% and 56%

respectively with 1,1,3,3-tetramethylbutyl isocyanide and cyclohexyl isocyanide (Scheme 5.3,
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entries 6-7). Next, we tested the effect of mild electron-donating group such as methyl on anilide
moiety and observed that substrate bearing 4-Me or 4,6-dimethyl groups were more facile to react
under the optimized reaction conditions and afforded the corresponding products in 72-81%
isolated yield (Scheme 5.3, entries 8-11). Furthermore, the effect of electron-withdrawing group
was examined and we got the corresponding product (31) in 74% yield, when reacted 5-CF3
containing hydrazone (1f) with tert-butyl isocyanide (Scheme 5.3, entry 12). There was no
significant change in the course of the reaction when reacted 5-CF3 containing hydrazone (1f) with
1,1,3,3-tetramethyl butyl isocyanide (Scheme 5.3, entry 13). In addition, the effect of halide at the
ortho-position of anilide moiety was investigated by replacing bromo with iodo, gratifyingly, there
was no significant change in the yield of the corresponding product (Scheme 5.3, entry 14).
However, in the absence of any halide on ortho-position of tosylhydrazone, the product was formed
only in trace amount (Scheme 5.3, entry 15). So, this explained the significance of the presence
of a halide on the ortho-position of anilide moiety (Scheme 5.3, entry 15).

5.2.3: Plausible mechanism and DFT calculations

Next, we proposed two plausible mechanisms (route 1&2) for the formation of benzoxazine fused
1,2,3-triazole as depicted in Figure 5.2. According to route 1, which comprises generation of
benzoxazine ring first followed by triazole ring, reaction starts with the oxidative insertion of
palladium to the N-aryl-a-(tosyl hydrazone) acetamides (1a) and leads to the INT (1). This species
evolves to palladacyclic INT (i1) which on insertion of tert-butyl isocyanide furnish INT (ii1). Next,
INT (iii) converted to INT (iv) via subsequent reductive elimination of palladium. Further, base
mediated removal of tosyl group leads to a-diazoimino intermediate (v) which converted to
product (3a) through 5-endo-dig cyclization.!® According to plausible route 2, which includes
formation of triazole ring first then benzoxazine ring as depicted in Figure 5.2, N-aryl-a-(tosyl
hydrazone) acetamides (1a) converts to INT (vi) in the presence of base followed by the conversion
of INT (vi) into INT (vii) through intramolecular N-N cyclization reaction. Next, oxidative
addition of palladium to INT (vii) leads to the formation of INT (viii). Additionally, base mediated
removal of HBr furnish six membered palladacyclic INT (ix) which converted into seven
membered palladacyclic INT (x) after the insertion of tert-butyl isocyanide. Finally, reductive
elimination of palladium leads to the formation of product (3a). Then, we have performed control
experiments to get evidences about most possible mechanism between two probable routes

presented in Figure 5.2. In this context, when the N-H group of N-Aryl amide was protected
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reaction didn’t work {Figure 5.11(i)}. Also, there was no reaction in the absence of Pd-catalyst
{Figure 5.11(ii) }. These experiments indicated that benzoxazine ring generates first and favors to
route 1 over the route 2. Subsequently, to validate the proposed mechanisms and to find the
favorable routes between 1 & 2, a computational investigation has been performed. First, we have
discussed about the route 1and the potential energy surface (PES) related to the reaction has been
shown in Figure 5.3. It is worthy to mention here that in the PES all the steps have been considered
explicitly which involves few extra intermediate structures, whereas, the minimum numbers of
steps have been stated in the schematic mechanism (Figure 5.2a). So, during the discussion of
PES, we will indicate the important structures to correlate with the proposed mechanism. B3LYP
density functional method was employed for this investigation along with SDD for Pd, Br and 6-
31+G(d,p) basis set for rest of the atoms. This particular level of theory was successfully used in
earlier typical investigations.!* As presented in figure 5.2a, the first step is oxidative insertion
which undergoes through the formation of m-complex (2) by releasing ~25 kcal mol! energy
followed by the addition of Pd(0) into C-Br bond to furnished complex 3. Then, complex 3
proceeds through a low barrier (~3 kcal mol-1) transition state (TS3.4) to form the complex 4
(implies the INT(i) in figure 5.2a), which exists ~45 kcal mol-1 lower point in the PES with respect
to separated reactant (1a+Pd). The oxidative addition mechanism towards Carbon-halogen bond is
fairly common as provided by Diefenbach et.al.!> It further stabilized by ~ 19 kcal mol™! after a
conformational change through rotation of aryl C-N bond and converts to complex 5. In the next
step, the abstraction of proton from complex 5 along with releasing of bromine taken place in the
presence of strong base. Here we have followed most favorable inter-molecular base assisted
mechanism compares to intra-molecular base assisted or non-assisted mechanism as proposed by
Garcia-Cuadrado et.al.' It is found as one of the key steps which explains the explicit role of
strong base in this reaction. This conclusion was drawn after analyzing the relaxed PES scan of
the N-H bond cleavage of complex 5, which exposed a barrier-less down ward path (Figure 5.4,
section 5.3.4). On the other hand, in absence of base the proton abstraction barrier was quite high
~40 kcal mol™! (Figure 5.5, section 5.3.4). These results were also supported by our controlled
experiments as the reaction was not occurred in the absence of base (Figure 5.11(iii), section
5.3.5). Though, the proton abstraction is barrier-less but the pathway between 5 and 6 is found
endothermic and complex 6 is found only at the 14.5 kcal mol™! lower point compare to the initial

reactants (1a+Pd). The elimination of Br™ leads to the formation of six membered palladacyclic
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intermediate 6 (implies the INT(ii) in figure 5.2a). This step does not involve any transition state
as indicated by the relax PES scan along the reaction co-ordinates for Pd-Br bond cleavage (Figure

5.6, section 5.3.4).

Next, isocyanide co-ordinates with the palladium atom of complex 6 to generate complex 7. It is
also found to be barrier-less which was further confirmed by PES scan (Figure 5.7, section 5.3.4)
and revealed a smooth downward path from complex 6 to 7 after releasing of energy ~24 kcal mol
!, Afterwards, isocyanide inserted into the C-Pd bond, leads to the formation of 7-membered cyclic
intermediate 8 (implies the INT(iii) structure in figure 5.2a) with the increment of energy of about
~16.0 kcal mol! from complex 7. Further, the complex 8 was converted into complex 9 (implies
the INT(iv) in figure 5.2a) by the removal of Pd-atom with slight increment in energy (1 kcal mol
1). Subsequently, base molecule abstracts the proton from the nitrogen of tosyl hydrazone in
complex 9 to form complex 10. This conversion takes place through a highly exothermic pathway

(~41 kcal mol™).
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Figure 5.2: Plausible mechanisms for the synthesis of benzoxazine fused triazoles
The second H-abstractions (proton on the nitrogen of tosyl hydrazone of complex 9) also happen
through a barrier-less pathway shown by PES scan of N-H bond (Figure 5.8, section 5.3.4). Also,
in the absence of base the proton abstraction barrier is quite high ~38 kcal mol™! (Figure 5.9,
section 5.3.4). After releasing of proton, the elimination of tosyl group taken place which formed
highly reactive diazo-intermediate complex 11 (implies the INT(v) in figure 5.2a). This diazo
intermediate readily cyclize to form stable benzoxazine fused triazole ring (implies the 3a structure
in figure 5.2a) through transition state (TS11-12) with an activation energy barrier of 12.2 kcal mol
!(Figure 5.10, section 5.3.4). This N-N bond forming cyclization follows five endo dig cyclization

mechanism.!”
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Figure 5.3: The potential energy profiles computed at B3LYP/6-31+G(d,p) level of theory related to the plausible
mechanism depicted in figure 5.2a.

Next, we started investigating route 2 as depicted in figure 5.2b, however, the first step of route 2
involves the tautomerization of amide group and for this a prior rotation along H-N-C-O bond of
amide is required. The PES scan implies that it requires around 20 kcal mol! energy to rotate
(Figure 5.11, section 5.3.4). It was showing that when dihedral angle along H-N-C-O is near to
0°, it formed less stable (8 kcalmol ™) intermediate than N-aryl-o-(tosyl hydrazone)acetamides (1a)
in which dihedral angle was near about 180°. Also, the tautomer was 7.2 kcal mol™! higher in energy
than N-aryl-a-(tosyl hydrazone)acetamides (1a). On the other hand, route 1contains the highly
exothermic oxidative insertion as the initial step, which suggests that route 1 is more favourable

than route 2, so, we did not investigate the route 2 further.

5.3: Experimental details

5.3.1: General method for the synthesis of N-aryl-a-(tosyl hydrazone)acetamides derivatives (1a-1h)

A mixture of aniline (1.0 equivalent, 500 mg, 2.91mmol), benzoyl formic acid (1.5 equivalents,

655 mg, 4.36mmol), DMAP (1.5 equivalents, 532.5 mg, 4.36 mmol) and DCC (1.5 equivalents,
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900 mg, 4.36 mmol) were added in dichloromethane as solvent (~ 10 mL) at 25°C and stirred the
resulting mixture for overnight. Upon complete conversion of the starting materials, work up of
the reaction with ethyl acetate and distilled water in 2:1 ratio was done and the volatiles were
removed using high vacuum. The mixture was purified using gradient column chromatography to
obtain the corresponding acetamides. To the corresponding acetamides (1.0 equivalent, 500 mg,
1.64 mmol), tosyl hydrazine (1.5 equivalents, 458.1 mg, 2.46 mmol) and p-TSA (catalytic amount)
in methanol (10 mL) were added and the resulted mixture was heated at 70°C for 3 hrs. The
reaction progress was monitored by TLC and upon complete consumption of the reactants, the
volatiles were removed and the desired product was purified by column chromatography to obtain

N-aryl-a-(tosyl hydrazone)acetamides derivatives (1la-1h).
5.3.2: General method for the preparation of benzoxazine fused 1,2,3 triazole derivatives (3a-3m)

In a sealed tube having a stirrer bar added N-aryl-a-(tosyl hydrazone)acetamides (1.0 equiv., 100
mg), base (2.0 equiv.), Pd-catalyst (10 mol%) and isocyanide (1.2 equiv.) in 2 mL 1,4-dioxane as
a solvent. The resulting reaction mixture was refluxed at 110°C for 2-3 hrs and the progress of the
reaction was monitored using TLC. After completion of the reaction as indicated by TLC, the
resulting mixture was filtered through a small pad of cellite followed by washing of the cellite pad
with ethyl acetate (2x5 ml). The volatiles were evaporated under reduced pressure and the residue
was purified by column chromatography using ethyl acetate in hexane as eluents affording the
corresponding products 3a-3m in 42- 81% vyields.

5.3.3: Computational details

All the species involved in the current investigation were fully optimized using DFT-B3LYP
method. This method is the most popularly used DFT functional which uses Becke’s three
parameters hybrid exchange correlation functional along with Lee Yang and Parr (LYP)
correlation functional.*® For Pd & Br, Stuttgart/Dresden ECP containing basis set SDD*° and for
rest of the atoms pople’s double zeta 6-31+G(d,p) basis set was used.?’ Further, frequency
calculations were also performed to ensure the optimized stationary points either minima (no
imaginary frequencies) or transition state (one imaginary frequency) and free energy correction at
the same level of theory. Intrinsic reaction coordinate (IRC) calculations were performed to further
verify that obtained transition states are connecting the exact minima or not. The Minnesota
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continuum solvation model, SMD, was applied to consider the influence of solvent 1,4- Di-oxane
on the reaction.?* All the calculations were performed using Gaussian 16 program?? and for the

visualization and result analysis Chemcraft? software is used.

5.3.4: PES and Transition state
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Figure 5.4: Relaxed potential energy surface scan for N-H proton abstraction from N-aryl amide in presence of
strong base (KOtBu)
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5.3.6: Characterization data
N-(tert-butyl)-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3a):

Solid, yield = 78% (49 mg, 0.15 mmol), *H NMR (400 MHz, CDCls): § 8.19-8.14 (m, 2H), 8.04-
8.02 (m, 2H), 7.66 (t, J = 8.0 Hz, 1H), 7.50-7.40 (m, 3H), 7.34 (t, J = 8.0 Hz, 1H), 1.51 (s, 9H)
ppm, 2C NMR (100 MHz, CDCls): § 141.8, 138.6, 133.2, 132.4, 129.4, 129.0, 128.3, 128.0, 127.9,
125.4, 115.3, 114.9, 55.0, 30.0 ppm, HRMS calculated for C19H19N4O [M+H]* 319.3800 Found
319.3871.

3-phenyl-N-(2,4,4-trimethylpentan-2-yl)-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-
imine (3b):

Solid, yield = 75% (56 mg, 0.15 mmol), *H NMR (400 MHz, CDCls): § 8.21 (d, J = 8.4 Hz, 2H),
8.09 (d, J=7.6, 2H), 7.72 (t, J = 8.4 Hz, 1H), 7.53-7.45 (m, 3H), 7.40 (t, J = 7.2 Hz, 1H), 2.01(s,
2H), 1.61 (s, 6H), 1.08 (s, 9H) ppm, *C NMR (100 MHz, CDCls): § 141.9, 137.1, 133.0, 132.4,
129.4, 129.3, 128.8, 128.2, 127.9, 127.8, 125.4, 115.5, 114.9, 58.7, 55.8, 32.0, 31.8, 30.1 ppm,
HRMS calculated for C22H25N4O [M+H]" 361.4610 Found 361.4681.

N-cyclohexyl-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3c):

Solid, yield = 69% (47.4mg, 0.13mmol), *H NMR (400 MHz, CDCls): 5 8.28 (d, J = 8.0 Hz, 1H),
8.21 (d, J = 8.0 Hz, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.74 (t, J = 8.4 Hz, 1H), 7.54-7.46 (m, 3H), 7.40
(t, J = 6.8 Hz, 1H), 4.11-4.05 (m, 1H), 1.96-1.89 (m, 4H), 1.62-1.45 (m, 6H) ppm, 3C NMR (100
MHz, CDCls): § 141.8, 141.1, 133.3, 132.3, 129.4, 128.9, 128.6, 128.2, 127.8, 125.0, 114.9, 114.5,
55.7, 33.4, 25.8, 24.7 ppm, HRMS calculated for C21H21N4O [M+H]* 345.4180 Found 345.4181.

N-(tert-butyl)-7-chloro-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3d):

Solid, yield = 56% (39.2 mg, 0.11 mmol), *H NMR (400 MHz, CDCls): & 8.20 (d, 1H), 8.15 (d, J
= 8.4 Hz, 1H), 8.05 (d, J = 7.6 Hz, 2H), 7.67 (dd, J = 4.4 Hz, 1H), 7.51 (t, J = 8.0 Hz, 2H), 7.40-
7.37 (m, J = 7.6 Hz, 1H), 1.55 (s, 9H) ppm, *C NMR (100 MHz, CDCl3): & 141.5, 137.4, 134.0,
133.3, 130.8, 129.1, 129.0, 128.9, 128.0, 127.9, 1254, 116.7, 116.5, 55.2, 29.9 ppm, HRMS
calculated for C19H1sN4OCI [M+H]* 353.8220 Found 353.8224.
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7-chloro-3-phenyl-N-(2,4,4-trimethylpentan-2-yl)-5H-benzo[d][1,2,3]triazolo[5,1-
b][1,3]oxazin-5-imine (3e) :

Solid, yield = 42% (33.8 mg, 0.08 mmol), *H NMR (400 MHz, CDCls): § 8.16 (d, J = 2 MHz, 1H),
8.13 (s, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.6 (dd, J = 2.4, 8.8Hz, 1H), 7.51 (t, J = 8.0 Hz, 2H), 7.40
(t, J = 7.6 Hz, 1H), 2.7 (s, 2H), 1.59 (s, 6H), 1.07 (s, 9H) ppm, *C NMR (100 MHz, CDCl3): §
141.6, 136.0, 134.1, 133.2, 130.9, 129.1, 129.0, 128.9, 128.0, 127.9, 125.4, 116.9, 116.5, 59.0,
55.5, 32.0, 31.8, 30.1 ppm, HRMS calculated for C22H2aNsOCI [M+H]* 395.9030 Found
395.9032.

7-fluoro-3-phenyl-N-(2,4,4-trimethylpentan-2-yl)-5H-benzo[d][1,2,3]triazolo[5,1-
b][1,3]oxazin-5-imine (3f):

Solid, Yield = 62% (49.6 mg, 0.12 mmol), *H NMR (400 MHz, CDCls): & 8.21-8.18 (m, 1H),
8.06-8.04 (m, 2H), 7.88 (dd, J=2.8, 8.8 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.43-7.38 (m, 2H), 1.89
(s, 2H), 1.60 (s, 6H), 1.07 (s, 9H) ppm, 13C NMR (100 MHz, CDCls): § 162.9, 160.4, 141.5, 136.4,
129.2,128.8,127.9, 127.9, 125.4, 120.8, 120.6, 117.7, 117.6, 117.2, 117.1, 115.7,115.5, 58.9, 55.7,
32.0, 31.8, 30.0 ppm, HRMS for C22H24FN4O [M+H]* 379.4514 Found 379.4512.

N-cyclohexyl-7-fluoro-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3Q):

Solid, Yield = 56% (41.4 mg, 0.11 mmol), 'H NMR (400 MHz, CDCls): § 8.21-8.17 (m, 1H), 8.02
(d, J = 8.0 Hz, 2H), 7.96(d, J= 8.8 Hz, 1H), 7.53 (t, J = 6.8 Hz, 2H), 7.44-7.36 (M, 2H), 4.10-4.04
(m, 1H), 1.93-1.91 (m, 4H), 1.65-1.39 (m, 6H) ppm, 3C NMR (100 MHz, CDCl3): § 162.9, 160.4,
141.4, 140.3, 129.2, 128.9, 128.8, 127.8, 127.8, 125.0, 121.1, 120.8, 117.3, 117.2, 116.7, 116.6,
115.1, 114.9, 55.8, 33.3, 25.7, 24.6 ppm, HRMS for C21H20FN4O [M+H]* 363.4084 Found
363.4085.

N-(tert-butyl)-7-methyl-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3h):

Solid, yield = 81% (55.08 mg, 0.16 mmol), H NMR (400 MHz, CDCls): & 8.08-8.05 (m, 3H),
8.01 (s, 1H), 7.56-7.48 (m, 3H), 7.39 (t, J = 7.2 Hz, 1H), 2.47 (s, 3H), 1.55 (s, 9H) ppm, 13C NMR
(100 MHz, CDCls): & 141.5, 138.9, 138.5, 134.1, 130.2, 129.4, 129.1, 128.8, 127.8, 127.7, 125.3,
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114.9, 114.8, 54.9, 29.9, 21.3 ppm, HRMS calculated for C2oH2:N4O [M+H]* 332.4070 Found
332.4083.

7-methyl-3-phenyl-N-(2,4,4-trimethylpentan-2-yl)-5H-benzo[d][1,2,3]triazolo[5,1-
b][1,3]oxazin-5-imine (3i):

Solid, yield = 80% (56 mg, 0.16 mmol), *H NMR (400 MHz, CDCls): § 8.09-8.06 (m, 3H), 7.98
(s, 1H), 7.52-7.48 (m, 3H), 7.39 (t, J = 7.6 Hz, 1H), 2.48 (s, 3H), 1.91(s, 2H), 1.60 (s, 6H), 1.08 (s,
9H) ppm, *C NMR (100 MHz, CDCl3): & 141.6, 138.4, 137.4, 133.9, 130.3, 129.5, 129.1, 128.8,
127.8, 127.7, 125.4, 115.2, 114.8, 58.6, 55.5, 32.0, 31.8, 30.1, 21.4 ppm, HRMS calculated for
C23H27N4O [M+H]" 375.4880 Found 375.4881.

N-cyclohexyl-7-methyl-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine (3j):

Solid, yield = 72% (52 mg, 0.14 mmol), *H NMR (400 MHz, CDCls): § 8.09-8.02 (m, 4H), 7.53-
7.49 (m, 3H), 7.39-7.35 (m, 1H), 4.11-4.06 (m, 1H), 2.48 (s, 3H), 1.97-1.89 (m, 4H), 1.62-1.44
(m, 6H) ppm, C NMR (100 MHz, CDCls): 5 141.6, 141.5, 138.6, 134.3, 130.2, 129.5, 128.4,
127.7, 125.0, 114.9, 114.2, 55.8, 33.4, 25.8, 24.8, 21.3 ppm, HRMS calculated for C22H23N4O
[M+H]* 359.4450 Found 359.4452.

N-(tert-butyl)-7,9-dimethyl-3-phenyl-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-imine
(3K):

Solid, yield = 79% (54.6 mg, 0.16 mmol), 'H NMR (400 MHz, CDCls): § 8.10 (d, J = 8.0 Hz, 2H),
7.95 (s, 1H), 7.55-7.49 (m, 2H), 7.39-7.34 (m, 2H), 2.90 (s, 3H), 2.43 (s, 3H), 1.54 (s, 9H) ppm,
13C NMR: § 137.6, 137.3, 129.4, 128.8, 127.9, 127.6, 127.1, 125.4, 116.1, 54.7, 29.9, 22.3, 20.9
ppm, HRMS for C21H23sN4O [M+H]* 346.4340 Found 346.4361.

N-(tert-butyl)-3-phenyl-7-(trifluoromethyl)-5H-benzo[d][1,2,3]triazolo[5,1-b][1,3]oxazin-5-

imine (31):

Solid, Yield = 74% (52.9 mg, 0.14 mmol), *H NMR (400 MHz, CDCls): 5 8.44 (s, 1H), 8.35 (d, J
= 8.4 Hz, 1H), 8.04 (d, J = 8.0 Hz, 2H), 7.68 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 2H), 7.40-7.35 (m,
1H), 1.55 (s, 9H), 3C NMR (100 MHz, CDCls): § 141.7, 137.3, 135.1, 134.8, 132.5, 130.4, 128.9,
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128.1, 128.0, 125.3, 124.4, 124.4, 121.6, 118.16, 112.4, 112.4, 55.4, 29.8 ppm, HRMS for
C20H18F3sN4O [M+H]* 387.3782 Found 387.3783.

3-phenyl-7-(trifluoromethyl)-N-(2,4,4-trimethylpentan-2-yl)-5H benzo[d][1,2,3]triazolo[5,1-

b][1,3]oxazin-5-imine (3m):

Solid, Yield = 69% (56.6 mg, 0.13 mmol), *H NMR (400 MHz, CDCls): & 8.46 (s, 1H), 8.33 (d, J
= 8.4 Hz, 1H), 8.06 (d, J = 7.2 Hz, 2H), 7.73(d, J = 7.2 Hz, 1H), 7.56-7.49 (m, 2H), 7.40 (t, J =
7.2 Hz, 1H), 1.90 (s, 2H), 1.61 (s, 6H), 1.08 (s, 9H) ppm, *C NMR (100 MHz, CDCls): § 141.8,
136.0, 135.0, 132.5, 130.4, 128.9, 128.1, 128.0, 125.4, 124.5, 124.5, 124.3, 121.6, 118.3, 112.5,
112.4, 59.1, 55.7, 32.0, 31.7, 29.9 ppm, HRMS for CasHasFsNsO [M+H]* 429.4592 Found
429.4592.

5.4: Conclusion

In summary, we have described a Pd-catalyzed one-pot tandem synthesis of medicinally important
benzoxazine fused 1,2,3-triazoles using N-aryl-a-(tosyl hydrazone)acetamides as a safe and stable
surrogate of a-diazoacetamides with isocyanides. Next, the compatibility of this protocol to
generate a library of benzoxazine fused 1,2,3-triaoles derivatives was tested using various
substitutions on N-aryl part of acetamide along with isocyanides. Besides, two possible
mechanistic routes were proposed, however, one of them consisting formation of benzoxazine ring
first followed by the generation of triazole ring was more favorable as suggested by control
experiments and theoretical study. Additionally, the DFT calculation of more favourable
mechanistic route have been performed to get insight about the mechanism which suggested
Pd(II)-isocyanide complex and a-diazoimino intermediate formation as a key steps during this
catalytic cycle. Interestingly, this work extends the application of a-diazoacetamides based

precursors in the synthesis of medicinally interested heterocycles.
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Conclusion &, Outlook

Conclusion of the thesis:

Over the past few years, a lot of work has been done to develop transition metal-mediated
processes to synthesize new heterocyclic compounds that are clinically significant.
Furthermore, in recent years, there has been a lot of interest in the synthesis of essential
heterocyclic scaffolds via tandem or cascade processes mediated by transition metals. These
reactions decrease the overall number of reaction steps and the need for intermediate
purifications by forming numerous bonds in a single pot without varying the reaction
conditions. Cascade reactions are considered extremely cost-effective and environmentally
benign due to the reduction of wastage of chemicals used for purifications. To carry out these
kinds of reactions, a variety of transition metal catalysts, including Rh, Pd, Cu, Ru, Ir, Fe, etc.,
have been used. In this view, Pd-based catalysts are widely used for isocyanide insertion and
carbene insertion cascade methodologies. Also, computational chemistry is becoming a more
versatile tool for a variety of chemists from various fields of chemistry. DFT studies are
particularly useful for mechanistic investigations and are regarded as a crucial technique for
the discovery of novel synthesis routes in organic synthesis. This thesis's first chapter highlights
some noteworthy recent efforts to synthesize novel heterocyclic moieties that are highly
significant by employing palladium-catalyzed cascade reactions, with carbene transfer,
isocyanide insertion, C-H activation, and cyclization serving as crucial steps. These reports
also cover mechanistic inquiry through a variety of experimental and computational studies,

further transformation and applications, etc.

In Chapter 2, a multicomponent reaction involving a carbene insertion strategy has been
reported to produce therapeutically relevant 3-alkylidene oxindoles. A one-pot strategy
includes aniline, isocyanides, and 3-diazo oxindole catalyzed by palladium acetate, which in
turn produced (E)-3-alkylidene oxindole derivatives having two amino substituents that can be
utilized for various functionalization were synthesized in moderate to good yields. The possible
pathway that proposed the production of Pd(ll)-carbene complex, migratory insertion of
isocyanides which was then followed by the nucleophilic addition of aniline was next
investigated using DFT calculations.

In Chapter 3, we have developed a Pd-catalysed and amide-assisted multicomponent reaction
of 3-diazo oxindole, isocyanide, and water to generate tricyclic oxazole-fused indole scaffolds.
Besides, a sophisticated route for the mechanistic path followed by the reaction was proposed

which is further validated by using DFT calculations recommended that the reaction involves
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amide formation at the C-3 position via isocyanide insertion which subsequently assisted
[3+1+1] annulation reaction to furnish oxazole-fused indoles.

In Chapter 4, we have developed a hydrazone-promoted isocyanide insertion strategy towards
Indole-N-carboxamide scaffolds which can be used as valuable precursors for the synthesis of
various biologically active moieties. A diverse range of substrate scopes have been developed
to validate the feasibility of the protocol. The hydrazone group acts as a reaction promoter to
facilitate the weak nucleophilic N-H insertion reaction.

Chapter 5 includes a Pd-catalyzed one-pot tandem synthesis of medicinally important
benzoxazine fused 1,2,3-triazoles using N-aryl-a-(tosyl hydrazone)acetamides with
isocyanides. Besides, two possible mechanistic routes were proposed, the DFT calculation of
a more favorable mechanistic route has been performed to get deep insight into the mechanism
which suggested Pd(I1)-isocyanide complex and a-diazo imino intermediate formation as a key

step during this catalytic cycle.

This work extends the detailed experimental and theoretical study of various palladium-
catalyzed cascade strategies for the synthesis of novel heterocyclic scaffolds which can be

utilized for various applications.

Outlook:

The indole-based heterocycles have great importance in various fields of biological as well as
pharmaceuticals. From this perspective, this multi-component strategy towards the synthesis
of (E)- 3-alkylidene oxindole derivative having two amino groups via palladium-catalyzed
cascade carbenoid insertion methodology has been developed. This approach can play an
important role in synthesizing various biologically active pharmaceutical ingredients (APIs) as
precursors as there is the presence of two amino substituents that can easily be functionalized.
Also, a novel indole-based tricyclic scaffold has been developed via another tandem
multicomponent strategy involving carbenoid generation, isocyanide insertion, and [3+1+1]
annulation approach. A good combination of important reactions involving great organic
chemistry concepts is seen in this methodology which can be further extended towards various
poly heterocycles molecules in the future. DFT studies done to get a deep understanding of this
multi-component strategy opened new directions from mechanistic aspects.

An amazing concept of remote activation was involved during the synthesis of valuable
precursors of indole-N-carboxamide scaffolds in which the nucleophilicity was influenced by

the phenyl hydrazone group at the third position of oxindole moiety. In this view, these kinds
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of strategies which are accelerated by any functional group presence can be an interesting
strategy for the synthesis of valuable molecules.

Another isocyanide insertion, intramolecular cyclization methodology towards biologically
relevant triazoles has been studied. However, the limited substrate scope doesn’t limit its
applications. These synthesized scaffolds can act as good precursors for various organic

synthetic transformations.
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Appendix

Representative *H NMR (400 MHz, CDCIs3) and BC{*H} NMR (100 MHz, CDCls)
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Representative Crystallographic Data of Chapter 2

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/
pre
y/°

Volume/A3

Z

pcalcg/cm3

w/mm-1

F(000)

Crystal size/mm3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

Ellipsoid contour % probability

PS-309

C20H22CIN30O

355.85

293(2)

Monoclinic

P21/c

14.7035(5)

10.4600(3)

12.2462(5)

90

101.646(4)

90

1844.68(11)

4

1.281

0.220

752.0

0.045 x 0.03 x 0.025
MoKa (A =0.71073)

6.794 t0 52.742
-18<h<18,-13<k<13,-14<1<15
13923

3583 [Rint = 0.0526, Rsigma = 0.0437]
3583/0/230

1.092

R1=0.0513, wR2 =0.1341
R1=0.0736, wR2 = 0.1563
0.34/-0.34

50%
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Figure (i): X-ray crystal structure of 4w (CCDC: 222643), ellipsoid contour 50 %

Representative 'H NMR (400 MHz, CDCIs) and 3C{*H} NMR (100 MHz, CDCls)
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Representative Crystallographic Data of Chapter 3

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pre

v/°
Volume/A3

zZ

Ex-Thapar-pooja
C23H32N402
396.52

293(2)
triclinic

P-1
9.59358(18)
10.5593(2)
11.9248(3)
103.8143(19)
97.5949(17)
98.8737(17)
1140.89(4)

2

139



Appendix

pcalcg/cm®
wmm'!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=20 ()]
Final R indexes [all data]

Largest diff. peak/hole / ¢ A2

1.154
0.075

428.0

0.05 x 0.04 x 0.03

MoKa (1 = 0.71073)

6.474 to 52.74
-11<h<11,-13<k<12,-14<1< 14
15515

4625 [Rint = 0.0351, Rsigma = 0.0350]
4625/0/275

1.066

R, =0.0497, wR, = 0.1260

R, =0.0698, wR, = 0.1399

0.16/-0.23

Figure (ii): ORTEP diagram for the crystal structure of 3a (CCDC: 2291510) (Ellipsoid = 50%0)
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Representative *H NMR (400 MHz, CDCls3) and BC{*H} NMR (100 MHz, CDCls)
spectra of Chapter 4
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Representative Crystallographic Data of Chapter 5

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/
pl°

y/°
Volume/A3
VA
Pealeg/cm’
wmm!
F(000)

Crystal size/mm’

Radiation MoKa

26 range for data collection/®

Index ranges

Reflections collected
Independent reflections
parameters

Goodness-of-fit on F2

Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

CCDC Number

3b (dd-hg-11)
C23 H26 N4 O
374.48

150°
monoclinic

P1
15.2432(13)
6.8557(4)
19.6543(15)
90

99.415(7)

90

2026.3(3)

4

1.228

0.077

800
0.15x0.28x 0.4

0.71073
2.679-25.999

-18<h <14,
-6<k<8,
-24<1<20

3991

2822

258

1.080
0.0559
0.0831
0.299/-0.311

1985462
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